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(54) istwom] iES$m*£TW*mBm*m 

(57) IS*?)] 

!)^?A-g-&, ^?A£ K-7°/JKK-^ 

USSSL i 1 + I Mn 2 _ x _ y M y 0 4 _ z F z ({& 
U it'K 0<xSO. 15T?&9> 0<y^O. 3-e 

0<z£0. 3-Cfe9> Mte, Mg^Al, C 
o, Ni, Fe, C rOjVM< it 1 S*BW-h<£& 

5. 
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nt#Jgl] -«W1L i 1 + x Mn 2 _ x . y M y O 
4 _ 2 F Z (G.U 5£<K 0<x^0. 15t?*9, 0 
< y S0. 3 0<z^0. 3 T?& 9 , Mli, M 
g-^Al, Co, NU Fe, C r ©5 *>4>&< i: 1 

«MUb«)A*5ciire*>*. ) xm£*iz>itG®b. r 

<0{k-g-!^iCDl^*j5N-co 1 i»-CS>5 LiFi £"&#-f 5 - 

[1**12] ±gB-«^L i 1 + x Mn 2 _ x _ y M 
y 0 4 _, F x ^*S*tafl:£*©5?-»* (2 2 
0) ©Xi»|g|*rK«fc 5 a fcU ^©tt 

(111) oxl»BI»rltJ:5tf-^«»3Mt*rbti"* 

b/a-C^$H2>L i F©$7Hf& (Ill) ©fc- 
^«»!MEfc-«*;L i 1 + x Mn 2 _ x _ y M y O 
4 _,F.-e«*Jl4fl2*«©5 5-»* (2 2 0) © 
fc"-*«#3a*i:©ita J , oj;9*t<. 3£1T©«6II 

[»*®3] ±IEMascr-efc5-i£i|$»£-r3fit 

[»3ftjS4] ]E«»tr*«r«iaifc» y^?A& 

±BJE«*f*Hi» -«*L i 1 + x Mn 2 _ x _ y M y 
O^.^F^ ({it, S:*, 0<x^0. 15tfe9, 
0<yS0. 3-C&*)» 0<z^0. 3-C$>(9, Mtt, 
Mg^Al, Co, Ni, Fe, Cr©5*>'>4< it 

iasBiub©&M5c*-es>s. ) ■v&ztizitetmt, 

Z.<D<[k&m<OW&Pr<0 1 S-efoS L i F fc SrSftf-fS i 

1+x Mn 2 _ x _ y M y 0 4 _,F z f^Wn 
«J©$5Hi# (2 2 0) ©X*lElSrK.fc5fcr-*8B> 
»K&aiU r ©-ffr&!Kl©lI*m© 1 St LTffl^S 
l i Fro^-ffit (ill) <Dxm®ft\czztr-9 

b/a-CS^HSL i F©$7-*t& (1 1 1) 
*«»SI«t-JRS;L i 1+x Mn 2 _ x _ y M y O 
4 _ m F,T?«**b5flS-&*0 5 5-iBft (2 2 0) © 
f-^i»#3SSi©tt;!> 5 « 0 3ElT©^ffl 

tfesri -sr^s t -ram** 4 i2-Sc©#7ka»fiB 
?&. 

[f»#J£6] ±IHMASCrT-fe5ri:Sr4#®t-r5fS 

4 fe«©#*m*?s«fflio 

WWofMBftKWl 
[000 1] 



[0002] 

* y sam, #*a#H-fta«i$;a J *n'bft-t^.5. 
[000 3i ±mLitx^>^-9:mm<o'p-chw^ # 
Tkaws-ftam-efcs y ^A-r^rftamtt, i$ 

tb^J. i^*/i'¥-£aftif©?iJ.'££ : tU-C^S. 

[0004] y^?A>c ^yrftaf&ii, tfcy 

f - >> A^f * v£ *IiS? ft \£fgm A "TtBfcflNMt 1- 3 jE 

m y ^vrisfi*) iiSftS r. b lc<fc t) iiff-f 5„ 

jfittUtfTU jEHt^v^liy^^A^^-^sittlB-r 

[0005] is, y ^vj±4*^-fr.?m.<»iE&%itfo 

X.-5L i x Co0 2 $i;!iSfflv^*lT</^o -©EffiSlfc 
•C& 5 , flEfeStttf** < . fl^sRfcWfcttflWtfFSfc© 

#5*>©-efc3. r©fc*. y f^A^vzfta*© 

fct>»»*iK*r»*rfflV^-CffiHRrfB-C*)9. Li x Co 

[0 0 0 61 £©.fc5fc]E«JS*KfcU-C, Li x Co 
Li x Ni 0 2 -^L i x Mn 2 0 4 ( x ©ffi»4^«l- 

iotMt5* ! , a^x -a-^-ettx^i-cfee. ) 

[0 0 0 7] ;Hb©IW-efc5N i ^Mnl4, Co 

^?tf >-Ka?i!s j ^Tyv'* y -v^visii*, y f-^A— ft 

fcs„ rroijftis^o, Mn*m.i&b-tz>~&m£V!> 

[0008] =&@y ?-9Affi$Axf-*>#yW.'ftt>b-& 
foiiti%V^VAb^v$vb<n>i&&m<to (&.T, y 

tl*T£*frWmVtim*1f\*> -««L i x Mn y 0 4 
(x^l, y-2) -e**il8{IS#*»» n*<»it&® 

tmsztix^z. 



-2- 



10 0 0 9] iMn 2 0 4 {4, m%.it¥$)\cm 

iti-ZZblZii'O Df-VMZtt\*X 3 VEl±©Btfc&^ 

[00 10] 

[|6W3S s *»:tJ;5i-r5il]S] L*^L, LiMn 2 0 

«1M * ;M£# p m^tt©^* 5 * t v > t v ^ 5 

^r-C, LiMn 2 0 4 ©Li tMn tW*yHt 

[0 0 11] ir^5t?> j5¥, SSS«l*fflXH:o-K 

ti < ft 9 , «?&J§ H©SSSB&«a J £fia£-cfc o r fc , 

[0012] L iMn 2 O 4 <0L i tMni 

©*Mfcfcffi:Wc3KS Lfc 9 , L i*5j:tfMnJ2JW©£: 

mim±<ommTv®.R atixi>9,m®m*'&<tM-r, 

[0013] #3§Wtt, r.©<t 5 &&5fc©§Hf t-ffi^-C 
«3g£*tfc *>©•?*> 9, »V>aa******rU ^?aw 

[00 14] 

*»Wfc«61EWmB:. -«*L i 1+I Mn 
2 _ x _ y M y 0 4 _ z F z (fflU *<K 0<xS= 
0. 15-CS)9, 0<y^0. 3-C&9, 0<z^0. 
3-C*>9> Mtiu Mg^AK Co, Ni, Fe, Cr 
©5*>4>ft< it lSS»±©^M7E^"Cfo5. ) 
SftS'ffrg'&lis r.<D{fc^©lB$m<Oia-C i 
F t 5 r t 1 1" 6. 

[0 0 15] #±©J:5fc*j*S*ta*»Wfc«ajEtt 
tttffciBHT. JEmmVonX'hZL i I + ,Mn 
2 _ x _ y M y 04_ 2 F z li> Mn<D-U#MX'm& 

Sfc, Li 1+x Mn 2 _ x - y M y 0 4 _ s Fjli, 



©&{fcas»$$:txT^ai#*e>«-uS. 
[0 0 16] Jbi:, Li 1 + x Mn 2 -x-y M yO 
4 _ z F ,«)«tmoil-C*!l. L i 1 + I Mn 
2 _ K _ y M y 0 4 _ z F z <D-a-^(C*5^Tt,]E<i«- 
ft* KSSLtV^L i F(4, fiWMCfcaSttWWtfcli 

[00 17] LfcjJSo-C, C©]E«WPH;:.fc*tff> iS^ 

[0018] **:, je 

2 _ x _ y M y 0 4 _ z F z (fiU SSf, 0<x^ 
0. 15T*fc9, 0 < y ^ 0 . 3 "C& 9 , 0 < z ^ 0 . 
3 T*fo 9 , Mi*, Mg^AK Co, N i , Fe, Cr 
©5*>4>ft< th l»8&±©£JR5c*-C<fc*. ) "C^ 

F t &£#-f S r t *«« ti"*. 
[0 0 19] 6U:©J:5fc*J*3*ia*»Wfcfll«#* 

cFfaSL i 1 + x Mn 2 _ I _ y M y 0 4 _ 2 F I tt > 

m^fi^WUTV^o L i 1+x Mn 2 _ x _ y 

M y 0 4 _ z F z l4 x mMm»9tl&t L 1 43 9 . %Vl 

[0 0 2 0] $ P>»C S L i 1 + x Mn 2 _ x _ y M y O 
4 _ x F l OlW©iatJ)»l, L i 1 + x Mn 
2 _ x _ y M y 0 4 _ 2 F z ©^mt-*5^-CtESM 
WldzSeLTVSL i Ftt, ^lCt)^E*«#ttlcS 

[0 0 2 1] Lfc^oT, i©Effitt«.Sr-t*-T41E« 

So 

[0 0 2 2] 

mzi^x* mmz&mLxmmz.siyi-fz,, 
[oo23] *^^srisffl Lxmmztiz>i¥*mmn- 

ftmJ&ilt, 0lC*tJ:5i:, iEffi2i:, IEffi2?ri|R 
^•rSESffiSt, fl«4t, JMf 4£Hx£1-£:fMSte 
5ir. 1E1S2 t^H4 t©rai-ESnfc-fe^^-^ 6 

tc^TKB^fg $ fix ft % . 
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[00 24] JEM 2 JEHmft&tt-t- 

[0 0 2 5 J ±!2iE1i#!|SHci4, L i Ft>m®Lr^Z> 

1+x Mn 2 _ x _ y M y 0 4 _ z F z UIU jS*, 
0<x^0. 15-efctl, 0<yS0. 3 0< 
zSO. 3"Cfol9, Mli, Mg^Al, Co, Ni, F 
e . Crfflp V>fc <t'bl a^gl±O^S7C^"^fc 
-So ) -Z&iStlZ>\k&® (WT, *t-L i 1 + I Mn 
2 _ x _ y M y 0 4 _ z F z i^-fS« ) ^<Oit£ 

[0026] ±ELi n- x Mn 2 _ x _ y M y O 
Li x Mn y 0 4 ((fit, x ±r 1 , y^2-efcS„ ) * 
Xmn b\*gt£Z&J&7€m (M) T-E&U £ib»CO© 

[0 0 2 7] ^jBE^fcitltf, Li 1+x Mn 
2 - x _ y M y 0 4 _ z F 0©-»#F 

MniMWSMn 3 + *<DQi&t>WM LTV 5 £ 
^xbftTVS,, :©fcft, Li 1+x Mn 2 _ x _ y 
M y 0 4 _ z F z ©ftlfc«£fiteil5V\, 
[0028] Li 1+I Mn 2 _ x _ y M y O 
4.^,13^ MntOfcCi^iHMn 
tF k(Dl&&t)<D}Z 1 ?frmwX\ Li 1 + I Mn 

2 _ x _ y M y o 4 _ z F z ©*Sii«itri, oro-fflsa* 

f -eg& £ ttr v > & ^ y ^ * v# ^m&fflkMo ©*£ 

<tl^X_£„ w©fcft, Li 1H _ x Mn 2 _ x _ y M y O 

4 _ z f „ it, tsmsuKomxr-cws ztiiz tLxh 

[0029] Li 1+x Mn 2 _ x _ y M y 0 4 _ 2 F 
tO&.'P* M©B&* (y) I10<yi0. 3T$>S;i 
£##*LV\, MiOl^t (y) i)>0. 3£&x.$l§ 
jEWSMt*©*©©*****^, 56ffl±*5.K4 

< y ^o. 3ti-artfcJ:o, liffl±+»ft**k«B 

[00 30] F©«&fi (z) It0<zg0. 3 

tfc5rt*ff4U\ F©»&a (z) #0. 3 Srffi 

L, aJWW*MSTL/CL*3. LfctfoT, FOB 



0 < z g 0 . 3 t &AflHt©$£tt L i 

! +x Mn ,_ I . y M y 0 4 _ ! F x aS£j*$«V ^ 
ifi!JU:©SliSTTM£ffl SftT f>Aft«mtttt«lUrc 

[00 3 1] **J» ±§BMttC rffcjri^L 

5fc£St«&S£Sig!,L, £?a^±©a#TTM£ffl<*ixT'b 

[00 3 2] £ bfcjEWmKHi, Li 1 + x Mn 

2 _ x _ y M y o 4 _ , f x <Dmtt®<ni®r-h*). 

^■5. *38W#tfJ-«tixli. Li 1 + x Mn 2 _ x _ y 
M y 0 4 _ z F z ©IItmk&5Li Ft, Lift** 

®ML, ISiKLfcL i Fk9*-9J»-ry#*sm&M)sm 

■5. ^rt*K*JV^t*H*©fc«>»*UfcL iF», EA 

[0 0 3 3] 3E«*m«t>fc«fr*-SL i FOflM&feft 
ttHJl"C*)5!», Li 1 + x Mn 2 _ x _ y M y O 
4_«F,05 9-»» (2 2 0) ©X«II*TfcJ:6fcr 
-*ttft9fttttra tU :»WW)IWI«) 1 Si L 
•CfflV^L i F(»5 7-j|f (111) ©X&IhIJItKJ; 
6tf-^a»3MEfrbfc-r6i:*, b t a ir©Jt$£L 

i F©3SSS:©ffl^i:-rsc:i:*s-et5. 

[0034] ril?, b/arSJil-5LiF©?7- 

Mk (i 1 1) ©fcr-*8MHMEt-«a;L i 1 + x m 
n 2 _ x _ y M y 0 4 _ z F 2 -egSWft^tt©?7 
HW* (2 2 0) ©tf-*«MM6i:©it#, 0J;!3*: 

[0 0 3 5] b/a*5 0-e*>-5®-&x jES»»«fKL i 
F#aSLTV>ftV^ tSr^i". b / a *s 3 Sri@ 

1"**>t>, jE«m«frte8MW-* L i F©S 

jEffi«^©#<fts**>fc*)fcae-fs 
l i F©ss*5tt-rfcft, ftScm£*aM6T-t-a*fl s fe 

-ry^vs-e-K{b%©iesfliiSj> J *tb, ^s«±©s«e 

[0 0 3 6] LfcaSoT, b/a^ % 0i9*^<, 3 

ifisiRwim @fa©^»msi:!4 5 iim$^ < 

[0 0 3 7] ]Eff^ftffK$***l£lft*ffl& 
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10 0 3 8] jEffi«53l*, 3E«2 

[00 3 9] Affi4«, A«S*KfcL--Cy K 

[0 0 4 01 y^ASrK-^/JIftK-^l-SrfcrtS^ 

[004 1] UT 

tt, £©a©#**«m-ft«ftCfev*-cftSaS4&Hl 

[0 0 4 2] a«4H\ Affiffi^SttTy^-? 
jsy^A-fce&tfts. 

[0 0 4 3] <M£ffi5l*. Affi4£lfc;g-r£t><D-efc 
[0044] #*«ft¥Kfc Ltd 3?*$jKK:*fllKtt 

[0045] ^7K^«tbt»t, m^mm^^^^y 

-✓>7< h#S^* vt?©3L— 7VMg>5e£;&M£JB"CtSo - 

[0 0 4 6] UTtt, #Jx.tfL i PF 6> L 

i BF 4 , L i A s F 6 > LiC10 4 , LiCF 3 S 
0 3 , LiN (S0 2 CF 3 ) 2 , LiC (S0 2 CF 
3 ) 3 , LIA1C1 4 , LiSiF 6 Wffl-ef 

[0 0 4 7] •feXU-* 6 t brti, *!)xfl/y^ 

y 7*a l/X«?©*l<'7 -f vS^y ■v—WfrfrbftZft 
[00 4 8] ^^^'7- 5' h 7 f*, AlStS 5 tC*&*&£ 

h-mtzftx^z, r. ©*&&#* -jr? v 7«, sste 

5 SlWEffite 3 icftS S *i,;fc#*«f!WK©SI ffl £ 85± 

[004 9] ±ft©«t 9 fc«j£$;ft5#*i8A?i8xfc« 



[0050] Sf, L i x + ,Mn 2 _ x _ y M y O 
4 _ z F z <DH*Ti|S|-T?&5 L i F^MnSlR, L i IStfl- 

[0 0 5 1] OV^, ©^I&lCfc^T^SHfclSW 

foSrt^ttV^ «^jaa^8 4 2lC5|5j»1?*>»» 
■fr, L i F(0»^(*8 4 2lC-e&5fc*> FtOi©« 
**-|-»K:tT*>*t*V^*>*. L i FiWWifli: 

^tas^9oo , cs:jex.5^ -a- 

g£8 4 2 < t£JLt\ 9 OO'CEJl.Tir-fSwtlcJ;*), F 

[00 5 2] £HJ:©a£ia*sJ:tMJMtt8ia*Tfc 
T, Li 1+x Mn 2 _ I _ y M y 0 4 _ 2 F 2 i 1 - 
<F>\SL&m<nWftPt<F> 1 LiFi -f 5 Effi 

[ 0 0 5 3 ] OV^-C, r ©jEWf »«r^*r 4 3E« 2 & 

ftaw-a. jes 2 ©#«-<•«, jEas*t«-ttt«ffl 

*k ««L-C]E1Effi*KJIS:»»ai-*-fC, Eli 2£ 
[0 0 5 4] o^t, *«4 A*4©fftR 
T*5 »-©**£*«*■«■*■*. oVv ^ #e>*vfc* 

St LT&Jgy f-^ASrfflt">S»^ ^my ^!7i»«r-t 

[0 0 5 5] OV*T», «M(«&**«K , f K»»U 

[00 5 6] ±^roi 5 Lrf^SS!LfcAffi4 SrAffite 
Si^iR^L. IES2SrE1Sffi3(riR^L, Affi4tEffi 

2t©iwfc, sj«y^ntru'vM#as«*^e>***^ 
®te3t*7j»L»r@^i-'5wt^J:9, ="^^S©* 

[0 0 5 7] ^Ji©<t5l-L'C$iai§*v5*7)cm»f«S; 
ftl-Ctt, -JR^L i l + x Mn 2 . x . y M y O 
4 _ 2 F Z ({It. 0<xg0. 15-Cfct), 0 

<y^0. 3-Cfe9. 0<z^0. 3t?fet)> M 
g^AU Co, Ni, Fe, C r © 0 *>4>ft< 1 1> 1 
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I0 0 5 81 rffllMfli, jE&fiH&S. -fti:t>h 
Li 1+x Mn 2 _ x _ y M y 0 4 _ z F z tt, Mn© 
-8S*5M-CSSi$ix, l.oO©-g|5* 5 F-e@&£*k r. 

#M"*w*3ivo^a*» ow-ssasF-cs&Sft-t^ 

Li i + x M 

©fcWEwnwfcsSL.'o^L i fi*, 

[0 0 5 9] Lfc#o"C, r©lEa»mSr-&#t5jEai 

[0060] ft*, ^mmm-^mm i <ww*i*»fc 

[0 0 6 1] *fc, Ja*-Ctt, LT. ffiR 

**v»«aa*«iWiMrtf. ) 
[0062] r*t?)@*m««^y^mA?K«r«^-r 

r^yo^'JA^K # y 7 7 r ^ 

•c, #y ( ir-y ^y7^*n ?-f K) , #y (t=y 
^^7*^0 7^ k-c o-^-y-^/w^-n^otru 

7^oifl/y) , ^y (lf=!)7>7;i'tB7'/ F 
-co-h!)7;^cixfi'^ &US^n?>©«g'&W 5 

[oo6 3] #*f8#stt LTH#«»ir*fctt 

rtft < fc fc J: < . £ft6B*Wft*fctt*>«'*«** 
as-lr/-? u-* ©ftb 9 left 5„ 
[00 6 4] 

R9. #BKtt^IS^I-RB!S$tv5t>©T?ttftv\ 



[0 0 6 5] <mmi >I»1-Ctt» Mn©-6S*5Cr 

[0 0 6 6] -y-vTVn 

^•7A (L i 2 CO a ) »*, m-V#y (MnCO 

a ) »*, mttvj* (cr 2 o 3 ) m**x*7yM 

f-QJ* (L i F) *©??t&£fflv^®£L-C 

Lt. ztihrnmamettt** »* 

Jt?l?Li OSMUJf-frAiBS) /Mn/Cr/L i F 
= 0. 9 6 0/1. 8 40/0. 1 50/0. 0 50ft 

sfij-g-fc^tfcv*. oi^-e, r ©&£-$*£, 

t L i F t «r^*r+6«**ft»fc. 

[0 0 6 7] r©J;5fcbT#b*tfc«WMfc«r©*X« 
@*fKJ:9<IWfUfci:w6» lSDD*-K©3 5-7 
8 2l£lB*fc£ft-CV^L iMn 2 0 4> *5<i:tM-8 5 
7fclS*fc$fttV.5L i FilSlS-ffcbfc. 

[00 6 8] ±34© ± 5 1- U-C-a-fig LfcjEWWfc 8 0 
fi*SS£> Htfi LXfyyT-l HSrl 5£S$£, 
ig»#Ji: bt*y 7yftf-PTy«:5li3i«:I^ 
U $P,tN-^f : /W-2-fcroy KvSrjBTUTJffitt 

[0 0 6 9] [£«<0fBR] 4S!)f7^, Mfc* 

[0070] [**«»»roWK] ^S?/ 13 

MKfK. WHRMb U-CL i PP a t«l- Omo 
l/l tu-C»W4*Swi:K:J:!>#*«W»«rP«L. 

[0 0 7 1] ±34 <o i. o \c UT^SaufcjEffi, Affi&tJt 

[0 0 7 2] *1\ Affi^r^^^^^^ft**^^ 
4XSU ^SffiK**«»«*ttAL,fc«' A«±fc» 

^SrfBUfc. ov^C, -fe/^v— ^±lciEffi : SriaUT^7K 
^-TS^tlCj; 1 ?, ^2 0mm, iS^ 1. 6mm^ 

[0073] -y-v/^2 

Li (^Sy^^Ajgji) /Mn/Cr/L i F = 0. 
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9 1 0/1. 8 4 0/0. 1 5 0/0. 1 0 0ft£$J£ 
100 7 4] Wffr* 

Li mm7VJ*1&Wi) /Mn/C r/L i F = 0. 
885/1. 8 4 0/0. 1 5 0/0. 1 2 5&SM& 

[00 7 5] ±>^±4 

Li ^J^&U) /Mn/C r/L i F = 0. 

840/1. 7 8 5/0. 0 7 5/0. 3 0 044*6 

[00 7 6] ±y^5 

(L i 2 C0 3 ) (MnC0 3 ) » 

30B*0»fc*nA (Cr 2 0 3 ) »*SrfflV\ ^ftb 

1)/Mn/Cr = l. 0 1 0/1. 8 4 0/0. 1 5 
[0 0 7 7] »y^/V6 

(L i 2 C0 3 ) »*, mrr>ff> (MnC0 3 ) » 

astrflWt^A (cr 2 o 3 ) »**jsv\ 

JS)/Mn/Cr=0. 9 6 0/1. 8 4 0/0. 1 5 
0. 0 5HPi5rtK^tt*V^H fcra«fcL-C3-f 
[0 0 7 8] gl>2VW7 

Li <#K /Mn/C r/L i F = 0. 

8 6 0/1. 84 0/0. 1 5 0/0. 1 5 04SW6 



0.960 
0.910 
0.885 
0.840 
1.010 
0.960 
0.860 
0.790 
0.910 



Mn 



1.840 
1.840 
1.840 
1.785 
1.840 
1.840 
1.840 
1.785 
1.840 



M 



0.150 
0.150 
0.150 
0.075 
0.150 
0.150 
0.150 
0.075 
0.150 



[0 0 7 9] »V^8 

Li (KSyf?Aei)/Mn/Cr/LiF = 0. 
7 9 0/1. 7 8 5/0. 0 7 5/0. 350*8*16 

[0 0 8 0] -^7^9 

figtaA* soott-i-srfc gn^tt* 2 1 pmk 

[0081] ::-c, j^oiSfcL^SWLfc*^ 

1 i F*5@^LTv^sy^^ r ^^^S6»^t^- 

(220) ©x»H»fcJ:*i*-*«HUIE 

<Djj§(tt»m8i LTJBV^L i Fe>^7-J§f8: (1 1 
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<zC0.3 ,M is metal element of inside at least 1 kind of Mg 



Page 3 Paterra Instant MT Machine Translation 



JP2002184404A 

jC*, 0<x^0.15 -Cfcy, 0<y^0.3 0») 



2002-6-28 

andAU Co* Nu Fe* Cr. ) makes feature in nonaqueous 
electrolyte battery 1 which has negative electrode 4 and 
nonaqueous electrolyte which the doped/undoped do positive 
electrode 2 and lithium metak lithium alloy * or lithium 
which contain anode material and contain possible material. ) 
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Claims 
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[Claim(s)] 
[Claim 1] 

LiF which is 1 kind of raw material of compound and this 
compound which are displayed with General Formula 
Lii +x Mn 2 . x . y M y 0 4 . z F z (However, in Formula, with 0 <xn0.1 
5 , with 0 <yD0.3 , with 0 <zD0.3 ,M is metal element of 
inside at least 1 kind of Mg and AU Co* Nu Fe N Cr. ) is 
contained anode material )»>) which is made feature 

[Claim 2] 

When designating peak integrated amplitude as b with X-ray 
diffraction of mirror exponential (111) of LiF which 
designates peak integrated amplitude as a with X-ray 
diffraction of mirror exponential (220) of compound which 
isdisplayed with above-mentioned General Formula Li| +x Mn 2 . 



x . y M y 04- 2 F : 



it uses as 1 kind of the raw material of this 



compound, 

Ratio with peak integrated amplitude of mirror exponential 
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± 1H IE 81 *4 li . — JSS xC 

Li I+x Mn 2 . x . y M y 04. 2 F z «IL, xC* . 0<x^0.15 V 

fey,o<y^o.3 -e*y,o») 



[»*« 5] 

± IS IE S ft ¥4 lc r , ± SH - is 

Li i +x Mn 2 - x - y M y 04- 2 F z lb £ $!) 0) £7— 

JI&(220)<D X tt@lfflCcfcSe-*»#BSS a 

LiF ©57-J8»(lll)© X »@»flCcfc*e-^ 



b/a T?***l4 LiF ©55-Ji«(l 1 l)0>e-^» 
tt&gir-flSiC Li 1+x Mn 2 . x . y M y O^F z T*S$+l4 
<b^»(D57-*S»(220)(Olf-^»»aaEfc<D 



±E M A< Cr TUb&Zkift&kt&nHtHL 4 
Specification 

[0001] 



(1 1 1) of LiF which isdisplayed with b/a and peak integrated 
amplitude of mirror exponential (220) of compound which is 
displayed with General Formula Lii +x Mn 2 . x . y M y 0 4 - 2 F z , is 
larger than 0, it is arange of 3 or less and anode material 0 
which is stated in Claim 1 which is made feature 



[Claim 3] 

Above-mentioned M is Cr and anode material 0 
statedin Claim 1 which is made feature 



which is 



[Claim 4] 

In nonaqueous electrolyte battery which has negative 
electrode and nonaqueous electrolyte which doped/undoped 
do the positive electrode and lithium metaL lithium alloy > 
or lithium which contain anode material and contain possible 
material, 

Above-mentioned anode material contains LiF which is 1 
kind of the raw material of compound and this compound 
which are displayed with General Formula Li]+ x Mn 2 . x . y M y 0 4 . 
Z F Z (However, in Formula, with 0 <xD0.1 5 , with 0 <yG0.3 , 
with 0 <zD0.3 ,M is metal element of inside at least 1 kind of 
Mg and AK Co. Nu Fe* Cr. ) nonaqueous electrolyte 
battery o )»>) which is made feature 

[Claim 5] 

In above-mentioned anode material, when designating peak 
integrated amplitude as b with X-ray diffraction of mirror 
exponential (111) of LiF whichdesignates peak integrated 
amplitude as a with X-ray diffraction of mirror exponential 
(220) of compound which is displayed with 
theabove-mentioned General Formula Lii +x Mn 2 _ x _ y M y 0 4 _ z F z it 
uses as 1 kind of raw material of this compound, 

Ratio with peak integrated amplitude of mirror exponential 
(111) of LiF which isdisplayed with b/a and peak integrated 
amplitude of mirror exponential (220) of compound which is 
displayed with General Formula Li i+ x Mn 2 . x . y M y 04. z F z , is 
larger than 0, it is arange of 3 or less and nonaqueous 
electrolyte battery e which is stated in Claim 4 which is made 
feature 

[Claim 6] 

Above-mentioned M is Cr and nonaqueous electrolyte 
battery 0 which is statedin Claim 4 which is made feature 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards anode material and nonaqueous 
electrolyte battery which uses this. 
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[0002] 
[0003] 

BB^*«»T?**U*^A**>:i*«» 

[0004] 

**i*ci:ic*yjiffl-*. 

A**;/*****. 

ic*y % %tt«£f&^iiysd*iri^. 

[0005] 

Li x Co0 2 *A<fiH*&*lTl^o 

*fti*BicBSLTi**fc»*B**y. «* 
*a*H*9*-ei*. wi«, aosiiwic 

Li x Co0 2 fcB»*fctt*fttt±a>ttttt«*.fc 



[0002] 
[Prior Art] 

Recently, with rapid progress of various electronic equipment, 
lengthy conveniently, overagain research of secondary battery 
where charge-discharge is possible is advanced as power 
supply which at same time can be used for economical. 

As representative secondary battery, lead storage battery and 
alkaline storage battery* nonaqueous electrolyte secondary 
battery etc are known. 

[0003] 

Especially, lithium ion secondary battery which is a 
nonaqueous electrolyte secondary battery has had high 
output* high energy density which benefit even in secondary 
battery an above-mentioned way. 

[0004] 

lithium ion secondary battery, at least is formed lithium ion 
from positive electrode and negative electrode and 
nonaqueous electrolyte which possess deviation from 
insertable active substance in reversible. 

With negative electrode lithium ion liquates electrical 
discharge reaction of lithium ion secondary battery, in the 
nonaqueous electrolyte, advances with positive electrode due 
to fact that lithium ion is takenin to interlayer etc of active 
substance. 

When conversely, charging reaction advances, reaction of 
opposite to theabove-mentioned electrical discharge reaction 
advances, lithium ion removal does regarding the positive 
electrode. 

charge-discharge reaction repeatedly is lithium ion from 
namely, negative electrode by repeating thereaction which 
exiting and entering is done in interlayer etc of positive 
electrode active material. 

[0005] 

Presently, as positive electrode active material of lithium ion 
secondary battery, high discharge voltage Li x Co0 2 etcwhich 
has high energy density is used. 

As for Co which is a raw material of this positive electrode 
active material, being rare in the resourcewise, because in 
commercial practical ore deposit maldistribution it has done 
in thenumber little country, with expensive , price fluctuation 
is large, at sametime it is something which supply anxiety 
accompanies in future . 

Because of this, when assuring broad ranged spread of lithium 
ion secondary battery, fromwith inexpensive, at same time 
making use of abundant raw material beingproduction 
possible even in resourcewise, equality to LUC0O2 or the 
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jE«Sft*tf#tt&*iTl** 0 
[0006] 

Z(D<fe9^IE^S%Si:LT. Li x Co0 2 tlilSH 
Li x Ni0 2 ^Li x Mn 2 0 4 (x<Dfill*^^^l-<fco"C^ 

«**|VCI**. 
[0007] 

Cftb<DJS#*4T*fc& Ni Mn W\ Co Ictt* 
ttlZ Mn I* , Ni ck«tKI=*«ft»f»"e*y * * 

<Dtt8fcLT^K1b^>#>#**l::»aiLT 
[0008] 

'J*^ A7># >tt£lMb*fc#-f )tLT 
Li x Mn y 0 4 (x = l,y % 2) T* % £ *l 4 lb £ ft §1 , 

[0009] 

LiMn 2 o 4 1*. mSUb^ftKgHb-f 
ic^yj^^AlcWLT 3V ei±fl>«tt**U 
148mAh/g ©Sift^ttBSM^^S'J^^A 

v>#>«*iMbft-efc*. 

[0010] 

L*U LiMn 2 0 4 * jE«SftR4:LTJBl*fcl& 

-tZ-C, LiMn 2 0 4 (D Li £ Mn £<D^l/i££M*> 
lC«MLfcy.Li fc<fctf Mn 12M©*IR7C** 
«fi*lcH»*-erfc'J^^A-7>#>*^IMb 
ft*jE«SftJtfcLTffll^ 3tttm+MWc 
ff9«?l!l1*ttfl)*<b*l»±-r*c£A^j:**Lr 



positive electrode active material which has performance 
above that is sought. 

[0006] 

As this kind of positive electrode active material, Li x Co0 2 
Li x Ni0 2 and Li x Mn 2 0 4 (Value of x changes with 
charge-discharge , but usually, whensynthesizing it is a x:Jl. ) 
etc whichalmost possess identical discharge voltage and 
energy density are proposed. 

[0007] 

Ni and Mn which are these raw material are inexpensive 
material incomparison with Co. 

Especially because furthermore with inexpensive material , in 
addition to beingabundant even in resourcewise, manganese 
dioxide has circulated to large scale as manganese dry cell 
and alkali manganese dry cell, lithium primary battery or 
other material as for Mn, in comparison with the Ni , it is a 
material where anxiety is very little even from theaspect of 
material supply. 

From this kind of reason, research of positive electrode active 
material which designates the Mn as starting material is done, 
recently actively. 

[0008] 

It possesses for example spinel crystal structure composite 
oxide of lithium and manganese which are synthesized from 
various lithium starting material and manganese starting 
material (Below, it names lithium manganese composite 
oxide. ) as,, various compound such as compound which is 
displayed with General Formula Li x Mn y 0 4 (xD l,yD2 ) is 
reported. 

[0009] 

It is a lithium manganese composite oxide where for example 
Li Mn 2 0 4 shows electric potential of 3 V or greater by 
electrochemically oxidation doing vis-a-vis lithium, possesses 
theory charge-discharge capacity of 148 mAh/g. 

[0010] 

[Problems to be Solved by the Invention] 

But, with nonaqueous electrolyte battery which uses Li 
Mn 2 0 4 as positive electrode active material, there is a 
problem that deterioration of battery property which 
accompanies charge-discharge cycle islarge. 

Then, it modifies Li of Li Mn 2 0 4 and mole ratio of Mn barely, 
metal element other than Li and Mn it uses lithium manganese 
composite oxide which solid solution is done in crystal as 
positive electrode active material, deterioration of battery 
property which accompanies charge-discharge cycle it is 
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[0011] 

*©M*A<a*BTttT:MiTl**. 

«ffli*»*©*l»*aaT?#fc<fcy. 



*fc, 'hg»*a«ffl©«ffi£LT«Jfl**v& 

[0012] 

ZOtztbs LiMn 2 0 4 © Li <!: Mn £©^;UJt£(I 
frlCfcHLfcy . Li fccfei; Mn £i*t©*B5cX 

asiBi±©a«T-c?«ffl**iTt 
sere. d©^***H-*«jfiizi* % ftj&s^ 

*©Sfc4fl±©£«*B<#to&ftTl**. 
[0013] 

*sgBj?i*, c©cfc5&a*©*aiza*Ta* 

Bi±©a«T-caiB4*trtiAffft*ai*tt 
*a»Ria&ia*t». as*i;c©jEa«»* 
d*-r«^*«»»«a*a«-r*c g n 

[0014] 

[Be***Tr*fc»©^«] 
±se©aw*aj«r*fcfti=, **wic«*je 

a*t*H*. -JJSjC Li 1+x Mn 2 . x . y M y 0 4 . 2 F 2 ({fiL, xC 
0<x^0.15 T'fey, 0<y^0.3 T-fcy . 0») 



[0015] 



prevented it has done. 
[0011] 

By way, development of nonaqueous electrolyte secondary 
battery of large type is done with eachdirection recently, for 
electric automobile or as power supply for load leveling, 

battery cannot ignore heat emission with battery internal 
which accompaniesextent and charge-discharge reaction 
which scale-up are done becomes, ambient temperature of 
battery periphery is room temperature extent , possibility 
which becomes room temperature or higher increases battery 
internal. 

In addition, it is used as power supply for miniature portable 
equipment there are alsotimes when it is used under high 
temperature environment like interior of automobile where 
nonaqueous electrolyte secondary battery of miniature is left 
relatively under blazing sunlight. 

[0012] 

Because of this, Li of Li Mn 2 0 4 and mole ratio of Mn arenot 
modified barely, metal element other than Li or Mn in crystal, 
being used under environment of room temperature or higher, 
battery property does notdeteriorate in nonaqueous electrolyte 
secondary battery which uses lithium manganese composite 
oxide which solid solution is doneas positive electrode active 
material can maintain satisfactory battery property is strongly 
sought. 

Furthermore, also actualization of further improvement of 
charge-discharge capacity isstrongly sought from this 
nonaqueous electrolyte secondary battery . 

[0013] 

this invention, considering to this kind of conventional actual 
condition, beingsomething which is proposed, has high 
charge-discharge capacity, is used under the environment of 
room temperature or higher and nonaqueous electrolyte 
battery which contains sustainable anode material* and this 
anode material is offered designates satisfactory battery 
property as the objective. 

[0014] 

[Means to Solve the Problems] 

In order to achieve above-mentioned objective, anode 
material which relatesto this invention contains LiF which is 1 
kind of raw material of the compound and this compound 
which are displayed with General Formula Lii +x Mn 2 . x . y M y 0 4 _ 
2 F Z (However, in Formula, with 0 <xD0.1 5 , with 0 <yD0.3 , 
with 0 <zCJ0.3 ,M is metal element of inside at least 1 kind of 
MgandAK Co, Nu Fe, Cr. ) makes feature. ) »>) 

[0015] 
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\Z fc n T , E S S fk R T! U 
Li l+x Mn 2 . x . y M y 04- z F z tt, Mn ©-g|W M T*B& 
£*U O ©-gjJ?5< F -C«»**l. * bl^dttbS 

«a*<«aft**irt^a)-e. Ai*ftfta$ft 

*fc, Li 1+x Mn 2 . x . y M y 0 4 . z F z 14. fSHflt&A<$£ 
[0016] 

*blC % Li 1+x Mn 2 . x . y M y O 4 . z F z (7)IS*t^0 1 St? 
. Li 1+x Mn 2 . x . y M y 0 4 . z F z (DftfifcfclCfcHT* 

[0017] 



[0018] 

B 5EC Li 1+x Mn 2 _ x _ y M y 0 4 . z F z ( ffi L , * , 0<x ^ 
0.15 "C&y % 0<y^0.3 Tffcy % 0») 



[0019] 

■«ai=fei^r, jEattfticiEasujiitLr 

Li, +x Mn 2 _ x _ y M y 0 4 . z F z l4,Mn ©— $0 

M T*fi«£*U O F Tfnastu * 

*fc. Li 1+x Mn 2 . x . y M y 0 4 . z F z 14, fiAaS^SS 

fcLTfcy, %ik«££i=j:«iBMtsa>£ib 

A<fil$iJ*ti-Cl>4i:#^bti*o 
[0020] 



Like above as for Lij +x Mn 2 . x-yM y 04. r F 2 which is a positive 
electrode active material in anode material whichrelates to 
this invention which is formed, portion of Mn to besubstituted 
with M, portion of O to be substitutedwith F, because 
furthermore these amount of substitution are done 
optimization, ithas possessed high charge-discharge capacity. 

In addition, as for Lii+xMn^.yMyO^F* crystal structure has 
been stabilized, it isthought that deterioration of crystal 
structure is controled with charge-discharge reaction . 

[0016] 

Furthermore, it is thought that with 1 kind of raw material of 
the Lii +x Mn 2 . x . y M y 0 4 . z F 2 , LiF which has remained to in anode 
material in aftersynthesizing Li 1+x Mn 2 . x . y M y 0 4 . 2 F 2 does not 
cause adverse effect to charge-discharge quality inaddition to, 
controls deterioration of positive electrode active material 
which accompanies charge-discharge reaction. 

[0017] 

Therefore, according to this anode material, it possesses high 
charge-discharge capacity, canbe used under environment of 
room temperature or higher and can actualize thesatisfactory 
battery property. 

[0018] 

In addition, anode material contains LiF which is 1 kind of the 
raw material of compound and this compound which are 
displayed with General Formula Lii +x Mn 2 . x . y M y 0 4 . z F z 
(However, in Formula, with 0 <xO0.1 5 , with 0 <y30.3 , 
with 0 <zD0.3 ,M is metal element of inside at least 1 kind of 
MgandAK Co s Nu Fe, Cr. ) makes feature in 
nonaqueous electrolyte battery which has negative electrode 
and the nonaqueous electrolyte which positive electrode and 
lithium metal, lithium alloy, or lithium which contain the 
anode material doped/undoped do nonaqueous electrolyte 
battery which relates to this invention and, contain possible 
material. ) »>) 

[0019] 

Like above in anode material as for Lii +x Mn 2 . x . y M y 0 4 . z F z 
which is contained as the positive electrode active material, 
portion of Mn to be substituted with M in the nonaqueous 
electrolyte battery which relates to this invention which is 
formed, portion of O to be substituted with F, because 
furthermore these amount of substitution aredone 
optimization, it has possessed high charge-discharge capacity. 

In addition, as for Li| +x Mn2. x . y M y 04. z F 2s crystal structure has 
been stabilized, it isthought that deterioration of crystal 
structure is controled with charge-discharge reaction . 

[0020] 
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$b(C, Li I+x Mn 2 . x . y M y 0 4 . 2 F z <7)JS*t*4(D 1 flT? 
fey . Li 1+x Mn 2 . x . y M y 04. z F 2 CD^fi£^[Zfcl>T:t 
iE««» + lcaBLTt^ LiF 14, SMlCfcfc 

[0021] 
[0022] 

[&e;j0)Sli$(D^ffi] 

BIT, **WI=flS***«»Km»lcoi^T, 
Bii*#WLTI«W::ttW-*-*o 

[0023] 

Mm 1 14, B 1 [^-Tcfc^lC, IE® 2 <k, IE*I 2 
SMtiMft 3 £, IMI 4 1 , JMI 4 &JIZ& 
"f 6JM£ft 5 fc % IE® 2 4 i©|H!fcE* 

*ifc-b/<b-* 6 ts IMiSx'ryb i 

iEfiift 3 &i/fia<& 5 iz**m»**<*** 

*IT«E*. 



[0024] 

IE a 2 14. ]Ea«t«4«d*r«jE«S1feM 
[0025] 

±E]Ea*t#Hcl4,LiF tfBfcLTl^'J*^ 

Li, +x Mn 2 . x . y M y 0 4 . 2 F 2 ({I L , it 4^ , 0<x S 0.1 5 V 
fcy.0<y^0.3 Tffcy.0<z^0.3 T*&y,M 14, 
Mg *t> Al, Co. Ni, Fe, Cr 1 II 

(SIT, *IC Li 1+x Mn 2 . x _ y M y 0 4 . 2 F 2 

©ftJ*»l=fel^T*B»-e**fc«)iEa*t» 
*lc$S®Lfc LiF *©S*RA<£*r**iTl* 

4 0 )»>) 

[0026] 

±SB Li l+x Mn 2 . x . y M y 04.zF 2 (4, fit** jEaSttR 



Furthermore, it is thought that with 1 kind of raw materia! of 
the Li 1+x Mn 2 . x . y M y 04_ z F 2 , LiF which has remained to in anode 
material in aftersynthesizing Lii +x Mn 2 . x . y M y 0 4 . 2 F 2 does not 
cause adverse effect to charge-discharge quality inaddition to, 
controls deterioration of positive electrode active material 
which accompanies charge-discharge reaction. 

[0021] 

Therefore, nonaqueous electrolyte battery which has positive 
electrode which contains this anode material hashigh 
charge-discharge capacity, being used under environment of 
room temperature or higher, possesses thesatisfactory battery 
property. 

[0022] 

[Embodiment of the Invention] 

Referring to drawing below, concerning nonaqueous 
electrolyte battery which relates to this invention, you explain 
in detail. 

[0023] 

Applying this invention, nonaqueous electrolyte secondary 
battery 1 which is produced, as shown in the Figure 1, has 
positive electrode can 3 and accommodate negative electrode 

4 and negative electrode 4 negative electrode can 5 and 
positive electrode 2 and are allotted between negative 
electrode 4 separator 6 and the insulating gasket 7 which 
accommodate positive electrode 2 and positive electrode 2, 
nonaqueous electrolyte is filledin positive electrode can 3 and 
and negative electrode can 5 becomes. 

[0024] 

As for positive electrode 2, positive electrode active material 
layer which contains anode material, is formed on the positive 
electrode collector which consists of for example aluminum 
foil or other metal. 

[0025] 

Because LiF compound which is displayed with lithium 
manganese composite oxide, namely, General Formula 
Li| +x Mn 2 . x . y M y 0 4 . 2 F 2 (However, in Formula, with 0 <xu0.1 

5 , with 0 <yD0.3 , with 0 <zD0.3 ,M is metal element of 
inside at least 1 kind of Mg and AU Co, Ni, Fe, Cr. ) 
which solid solution has been done (Below, it names 
Lii +x Mn 2 . x . y M y 0 4 . z F 2 simply. ) with, with 1 kind of raw 
material of this compound, it is a undissolved solid in after 
synthesizing this compound, both substances of LiF which 
remains in anode material is contained in theabove-mentioned 
anode material . ) »>) 

[0026] 

It is a positive electrode active material where 
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(tLTfflUbtlTl^ Li x Mn y 0 4 ({IU x= K y = 
2 T-fc6 0 )£ttfi£-f 3 Mn fl)-ffl*. <b^*H 
MKigflJfc Li. n&V Mn <tl*Mfc£>&JS7ciit 
(M)"CS&U O F T'fi&U C 



[0027] 

*f|BJ!#$?lCj:*ltf > Li, +x Mn 2 . x . y M y 0 4 . 2 F 2 I*, 
O <D-B# F -Cfi&£*l-Cl^(Z>T\ lb£$l± 
(*0«ftM«t>tt*«Ofci&|=, Mn *±(*K*f 

■f * Mn 3+ *(Dfi]^^JiAaLr^i)<!:%^btLr 

CKDfctf). Li 1+x Mn 2 . x . y M y 04. 2 F z ©ftifcH^fil* 
[0028] 

Lii +x Mn 2 . x . y M y 04. 2 F 2 IZfcL>Tli, Mn £ O 
fcfl)j8£*)J:y t Mn t F <!:0)$££2i<DI5?j!><3$ 
^<DT?, Li l+x Mn 2 . x . y M y 0 4 . 2 F 2 CD$SSfltiil*. O 

COtztbs Li 1+x Mn 2 . x . y M y 0 4 . 2 F 2 I*. Mi&lil±0) 

awt«ti»-e*4. 



[0029] 

Li 1+x Mn 2 . x . y M y 04. 2 F 2 M fl>fitlft*(y)l* 

0<y^0.3 T?**;:i:!b<»*U*. M ©1Hlft*(y) 

A< o.3 £ig*-i>il£. iE«StoH*a>*a>©S 

ttl*. Lfcfl*-3T. M 0)E&fi£ 0> 



[0030] 

*fc, F 0>S&*(z)l* 0<z^0.3 T?fc«Ci:^» 
£U*.F <DB&*(z)# 0.3 'J* 

*1\ Mn 3 0 4 *0>*ttifcj&<£j**-*. 

LfctfoT.F a>S£*£ 0<z^0.3 tt*M. 
£&fl£a>$£tt Li i +x Mn 2 . x . v M y 0 4 . 2 F 2 A<±f£ 



2002-6-28 

above-mentioned Lii +x Mn 2 . x . y M y (V z F 2 , in stoichiometric 
excessive Li, and Mn substitutes portion of Mn which forms 
the Li x Mn y 0 4 (However, it is a x3 K yl 2. ) which is used 
until recently, as positive electrode active material, with metal 
element (M )which differs, furthermore substitutes portion of 
O with F, designates these amount of substitution as optimum 
range. 

[0027] 

According to this inventor etc, because as for Li t+x Mn 2 . 
x . y M y 04_ z F z , portion of the O is substituted with F, it is 
thought that because the electrical neutral of compound 
entirety is maintained, ratio of Mn 3+ quantity for the amount 
of manganese entirety has increased. 

Because of this, charge-discharge capacity of Li 1+x Mn 2 . 
x . y M y 0 4 _ z F z is high. 

[0028] 

In addition, regarding Li| +x Mn 2 _ x . y M y 0 4 _ z F z , because bonding 
force of Mn and F is stronger in comparison with bonding 
force of Mn and O, you can say that crystal structure of 
Li !+x Mn 2 . x . y M y 0 4 . z F z , portion of the O being F, it compares 
with crystal structure of unsubstituted lithium manganese 
composite oxide when,becomes, stronger, has been stabilized. 

Because of this, as for Lii+xMn 2 . x . y M y 0 4 _ z F z , assuming that it 
was used under the environment of room temperature or 
higher, structure deterioration of positive electrode active 
material can be contro led with charge-discharge reaction , can 
maintain satisfactory battery property. 

[0029] 

In Formula of Li i+x Mn 2 . x . y M y 0 4 . Z F ZJ amount of substitution 
(y ) of M is 0 <y D0.3, itis desirable . When amount of 
substitution (y ) of M exceeds 0.3, capacity of positive 
electrode active material itself decreases, in regard to utility is 
not acquired necessary charge-discharge capacity. Therefore, 
it depends on 0 <yD0.3 doing amount of substitution of M, 
inregard to utility it becomes positive electrode active 
material where sufficient charge-discharge capacity is 
acquired. » 

[0030] 

In addition, amount of substitution (z ) of F is 0 <zD0.3, it is 
desirable. When amount of substitution (z ) of F exceeds 0.3, 
not be able to maintain crystal structure of lithium manganese 
composite oxide, Mn 3 0 4 or other impurity forms. 

Because of this, when it is used under environment of room 
temperature or higher, the battery property deteriorates, 
charge-discharge capacity decreases. 

Therefore, if amount of substitution of F is done 0 <zH0.3, 
stability of crystal structure Li| +x Mn 2 . x . y M y 0 4 . 2 F 2 is formed, 
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«»itimM*^«2Ea»ttir&&«. 



[0031] 

fc*>\ ±SH M li Cr -C*ftC£tf#*Ll*. 
Mn CO— SP^ Cr X&&tZ>Zk\Z&) % 

a»aju:&«. 



[0032] 

*bl3iEffi*t3l4lCtt % Li, +x Mn 2 . x _ y M y 0 4 _ z F z (Dig 
«)S®Lfc LiF awrstiri**. 

** W%«|[-cfc*lli. Li 1+ xMn 2 . x . y M y 0 4 . z F z ©JI 
tttttft* LiF Li K*«3 cfctf Mn fiSftifc |^ 

i*ic«i«-r*ctiz«fcy % LiF tf»mu»i*L 

fc LiF tyy^A"7>*>«4IHbft4:©nBI= 
^iS^l3fctNT*@Ji©fctoS@Lfc LiF I*. 

«***iz#flE-r*««©iitt^tt*fe*^ 

StRlftlc£jEt6C<hlc<i:LJ % jEttJSHaRt^ 
*i&T«*<Ptfflfi(ErcJ:*]EaS»K©* 



[0033] 

jEa»»*i3»Hi-« LiF ©tt«ft£aiiB 

8f Li l+x Mn 2 . x _ y M y 0 4 . z F z ©£7-f§& 

(220)© X «@fflZ«fcae-*«#»S£ a t 
U C©fc£%©Jg*t*4© l «iLTJfll** LiF 

©5^-a*(i 1 1)© x &mmz&z>t:-t>mft 

&Jt£ b t?Z>t£. b fc a ttDltmZ LiF ©SI 

■«©»at«ctA«-cf*«. 



[0034] 

ZZX\ b/a T?a*4l4 LiF ©5^— IbS(III)© 
t°-<7«^5gg<t:-fl2it Li I+x Mn 2 . x . y M y 04. 2 F 2 T? 
S^^4^^^©^-Jil»(220)©t o -<7ifi|^ 

&Jfi:©JtA<,0 *y*#< % 3 jaT©«SB-c* 



[0035] 



is used under environment of room temperature or higher and 
becomes positive electrode active material which can 
maintain satisfactory battery property. 

[003 1] 

Furthermore, above-mentioned M is Cr, it is desirable. 

It actualizes a higher charge-discharge capacity by 
substituting portion of Mn with Cr, is used under environment 
of room temperature or higher and can maintain,it becomes 
positive electrode active material which satisfactorier battery 
property. 

[0032] 

Furthermore, with l kind of raw material of Lij +x Mn 2 . 
x . y M y C>4- 2 F z , in aftersynthesizing because of undissolved solid 
LiF which remains is containedin anode material . 

LiF melts according to this inventor etc, by calcining LiF and 
Li starting material and Mn starting material which become 
raw material of Lii +x Mn 2 _ x _ y M y 0 4 . z F z simultaneously, it is 
thought that dense contact interface is formed between the 
LiF and lithium manganese composite oxide which are 
melted. 

In after synthesizing because of undissolved solid substance 
and selectively which it occurs in nonaqueous electrolyte 
attendant upon acidic impurity or charge-discharge of trace 
amount where LiF which remains does not cause adverse 
effect to charge-discharge quality in addition to, exists in 
nonaqueous electrolyte in reactingdepending, It is thought that 
deterioration of positive electrode active material is controled 
withreaction with positive electrode active material and those 
impurity etc. 

[0033] 

precise quantification of LiF which remains in anode material 
is difficult, but peak integrated amplitude is designated as a 
with X-ray diffraction of mirror exponential (220) of 
Lii+xMn^.yMyO^Fz, when designating peak integrated 
amplitude as b with X-ray diffraction of mirror exponential 
(l 1 1) of LiF which it usesas l kind of raw material of this 
compound, ratio of b and the a can be designated as index of 
residual amount of LiF. 

[0034] 

Here, ratio with peak integrated amplitude of mirror 
exponential (111) of LiF which is displayed with b/a and peak 
integrated amplitude of mirror exponential (220) of 
compound which is displayed with General Formula 
Li| +x Mn 2 . x . y M y 0 4 _ 2 F z , islarger than 0, it is a range of 3 or less, 
is desirable . 

[0035] 
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[0036] 
[0037] 

Wttlf«ll!M:t4Wi. 



[0038] 



[0039] 

::©»£,#*«»*-*«» 1 l*JJ**A 
[0040] 

ttfcLTI*. ttAft4bftM*JftftX0tft* 



When b/a 0 is, LiF has not remained in anode material, it 
shows. 

On one hand, when b/a exceeds 3, when residual amount of 
LiF which remains in namely, anode material is many, 
because weight of LiF which remains in per unit weight of 
anode material increases, there is anapprehension where 
charge-discharge capacity decreases. 

In addition, in structure of spinel manganese composite oxide, 
F exceeding solid solution limit in excess, because solid 
solution it has done, when crystal structure of the lithium 
manganese composite oxide is broken, uses under 
environment of room temperature or higher there is 
anapprehension which charge-discharge capacity decreases. 

[0036] 

Therefore, b/a, is larger than 0, with nonaqueous electrolyte 
secondary battery 1, desired charge-discharge capacity 
isactualized by using anode material which is a range of 3 or 
less, is usedunder environment of room temperature or higher 
and very satisfactory battery property ismaintained. 

[0037] 

As binder which is contained in positive electrode active 
material layer, in nonaqueous electrolyte secondary battery of 
thiskind resin material etc of public knowledge which usually 
is used as binder of positive electrode active material layer 
can be used. 

[0038] 

As for positive electrode can 3, being something which 
accommodates positive electrode 2, inaddition, it becomes 
outside positive electrode of nonaqueous electrolyte 
secondary battery 1. 

[0039] 

lithium doped/undoped it does negative electrode 4, as 
negative electrode active material, thepossible material etc 
and, negative electrode active material layer which contains 
binder , beingformed on negative electrode collector which 
consists of for example nickel foil, it becomes. 

In this case, nonaqueous electrolyte secondary battery 1 
becomes lithium ion secondary battery which utilizes 
doped/undoped of lithium ion. 

[0040] 

lithium doped/undoped is done, you can use pyrographitized 
carbon system and the carbon material of graphitic as possible 
material. 

In addition, also it is possible to use polyacetylene. 
polypyrrole or other polymer. 
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[0044] 

»Lraa4tiTft«*«©#*««a, ivb 



[0045] 

xf;k r-?^n^h>^x;u*7>,2-^ 

[0046] 

aaaatLTi*. a^tf upf 6% libf 4 , 

LiAsF 6 , LiC10 4 , LiCF 3 S0 3 , LiN(S0 2 CF 3 ) 2 % 
LiC(S0 2 CF 3 ) 3 , LiAlCl 4 , LiSiF 6 &ififcmv£ 

[0047] 

■fe/*b-$ 6 <hl/CI4, TK'Jx^u^^/KU^at 0 

ttS/-h3WafflT»«. 
[0048] 



[0041] 

As binder which is contained in negative electrode active 
material layer, in nonaqueous electrolyte secondary battery of 
thiskind resin material etc of public knowledge which usually 
is used as binder of negative electrode active material layer 
can be used. 

[0042] 

In addition, negative electrode 4 may be something which 
contains lithium metal and for example lithium-aluminum 
alloy or other lithium alloy as negative electrode active 
material. 

In this case, nonaqueous electrolyte secondary battery 1 
becomes metallic lithium secondary battery which utilizes 
melting &precipitating Li. 

[0043] 

As for negative electrode can 5, being something which 
accommodates negative electrode 4, inaddition, it becomes 
outside negative electrode of nonaqueous electrolyte 
secondary battery. 

[0044] 

As nonaqueous electrolyte, melting electrolyte salt in 
nonaqueous solvent, beingmanufactured, you use nonaqueous 
electrolyte, so-called nonaqueous electrolyte of liquid state 
which becomes. 

[0045] 

As nonaqueous solvent, for example propylene carbonate or 
ethylene carbonate or other cyclic carbonate ester, diethyl 
carbonate and dimethyl carbonate or other linear carbonate 
ester, methyl propionate and you can use the methyl 
butyrate or other carboxylic acid ester, ;ga -butyrolactone and 
sulfolane, 2- methyl tetrahydrofuran, dimethoxy ethane or 
other ethers etc. 

These nonaqueous solvents may use only 1 kind with alone, 
mixing the multiple kinds, to use are possible. 

[0046] 

As electrolyte salt, for example Li PF 6 , Li BF 4% Li AsF 6 , 
LiCI0 4 , LiCF 3 S0 3 , Li N (S0 2 CF 3 ) <sub>2 % Li C 
(S0 2 CF 3 )youcanuse<sub>3, Li Al CI 4 , LiSiF 6 etc. 



[0047] 

As separator 6, you can use microporous sheet which consists 
of polyethylene or polypropylene or other olefin polymer 
material. 

[0048] 
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[0050] 

£? . Li, +x Mn 2 . x . y M y 0 4 .zF 2 ©JStt*4T?fc-5 LiF 

* Mn w*k Li j5»*ta*-t*aE*ia*ff 

[0051] 

I*, 842 deg C JSLt, 900 deg C JJlTT*fc-i>C<t 

Slj£;£ltrt< 842 deg C *jST*fc€>ig£. LiF © 
B&^IS 842 deg C T'fo&tzft. F <tO <k©g&?4< 

+#-i=fTibih.fct*«a<fc*. 



-A. ftjftilftft* 900 deg C £ 

ail. MSW±©B$rFT-©iEatt:&&<b© 



LfctfoT* B4m£&j£-*-«ftJifciS£$ 842 
deg C JU±, 900 deg C KlTtt&ZtlZ&V.F 

b o to>W&lfi+$\ztsz.Utoti&kbtiz % 

LiF tmmtLxismL. jaasffiji*** 

[0052] 

Li, +x Mn 2 . x . y M y 04.zF 2 C©fc£a©Jg*m© 

i LiF fc$a*rr$iE«tm£»&. 

[0053] 

oive, z© jEa*m*a*rr aia 2 
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insulating gasket 7 is installed by negative electrode can 5 and 
is unified. 

This insulating gasket 7 is something in order to prevent 
leakage of nonaqueous electrolyte which is filled inside 
negative electrode can 5 and positive electrode can 3. 

[0049] 

Above-mentioned way when nonaqueous electrolyte 
secondary battery 1 which is formed is produced, 
itmanufactures first, anode material in accordance with 
manufacturing method below. 

[0050] 

First, mixing step which mixes LiF and Mn starting material* 
Li starting material etc which are a raw material of Lii+ x Mn 2 . 
x .yM y 04. 2 F 2 is done. 

[0051] 

baking step which calcines raw material which next, is mixed 
in mixing step is done. 

sintering temperature which calcines raw material in baking 
step is 842 deg C or greater, 900 deg C or less,it is desirable . 

When sintering temperature is under 842 deg C, as for 
melting point of LiF because they are 842 deg C, there is an 
apprehension wheresubstitution of F and O is not done in 
fully. 

In addition, there is an apprehension where effect which LiF 
does not function as flux, promotes particle growth is not 
acquired. 

On one hand, when sintering temperature exceeds 900 deg C, 
spinel type lithium manganese composite oxide which 
issynthesized is an apprehension where improvement of 
positive electrode performance deterioration under 
environment of room temperature or higher becomes 
insufficient ones. 

Therefore, as it depends on designating sintering temperature 
which calcines the raw material as 842 deg C or greater* 900 
deg C or less, substitution of F and O isdone in fully, LiF it 
can function as flux, it canacquire action which promotes 
particle growth. 

[0052] 

Passing by mixing step and baking step step above, you 
obtain anode material whichcontains LiF which is 1 kind of 
raw material of Li 1+x Mn 2 . x .yM y 0 4 - Z F 2 and this compound. 

[0053] 

Next, positive electrode 2 which contains this anode material 
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oixr% »&*ifcaa£ffl£J*«*±i::*&-iz 

[0055] 
[0056] 

±»©*5lzL-Ctt»Lfcfia 4 £Mm& 5 IZ 
ifcSU xa 2 £IE®£ 3 |CJR#L, ^a 4 £ 

Ea 2 <t<Drpi(c % 7K»j^pt°b>ii^fLajiii 

6fc*-fe/<U-* 6 SELfcflL 5 
vb 7 fc^LTftttft 5 irlEaft 3 t£frL#)X 



[0057] 

-ftat Li l+x Mn 2 . x . y M y 04. 2 F 2 (fiL. * + , 
0<x^0.15 T?&y s 0<y^0.3 T'fcy* 0») 



[0058] 

Li, +x Mn 2 . x . y M v 0 4 - z F z li* Mn ©— SPA* M TrS^ 



is produced. 

With production of positive electrode 2, first, dispersing 
anode material and the binder in solvent, it manufactures 
positive electrode compound of slurry. 

Next, on current collector coating fabric* drying positive 
electrode compound which isacquired in uniform, by fact that 
it forms positive electrode active material layer, you obtain 
positive electrode 2. 

[0054] 

Next, negative electrode 4 is produced. 

With production of negative electrode 4, first, dispersing 
negative electrode active material and the binder in solvent, it 
manufactures negative electrode compound of slurry. 

Next, on current collector coating fabric* drying negative 
electrode compound which isacquired in uniform, you obtain 
negative electrode 4 by forming negative electrode active 
material layer. 

Furthermore, when metallic lithium is used as negative 
electrode active material, it is possible alsoto use metallic 
lithium that way as negative electrode 4. 

[0055] 

Next, electrolyte salt is melted in nonaqueous solvent, 
nonaqueous electrolyte ismanufactured. 

[0056] 

negative electrode 4 which it produces above-mentioned way 
is accommodated in negative electrode can 5, positive 
electrode 2 is accommodated in positive electrode can 3, 
between negative electrode 4 and positive electrode 2 , after 
allotting separator 6 which consists of polypropylene porous 
film etc, nonaqueous electrolyte is filled inside negative 
electrode can 5 and positive electrode can 3, through the 
insulating gasket 7, caulking negative electrode can 5 and 
positive electrode can 3 , nonaqueous electrolyte secondary 
battery 1 of coin type completes by locking. 

[0057] 

With nonaqueous electrolyte battery 1 which is produced like 
above, anode material which contains LiF which is 1 kind of 
raw material of compound and this compound which are 
displayed with General Formula Li 1+x Mn 2 . x _ y M y 0 4 _ z F z 
(However, in Formula, with 0 <xD0.1 5 , with 0 <yD0.3 , 
with 0 <zD0.3 ,M is metal element of inside at least 1 kind of 
MgandAl* Co* Ni* Fe* Cr. ) is used. ) »>) 

[0058] 

With this anode material, as for positive electrode active 
material* namely Li 1+x Mn 2 . x . Y M y 0 4 . Z F Z , portion of the Mn to 
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£tl* S.^ O <D-Utf F -CB&£*l* ^tlb(D 

SP A< M T*fi&£*lTl^;!)<* O <D-SP A< F T?B 

Ib^irJt&LT* lt£^£{*0m&W*14£« 
^tz#>\Z % Mn 4 Mn 3+ ;»c7>«l]£A< 

£*:* Li 1+x Mn 2 . x . y M y 04. 2 F 2 (D^&lCfcUT* 

@^(DfctoiE^^*i^®Lr^^> uf ii* 

[0059] 

**iM<m$s i i** isn^fon®mz% 

[0060] 
[0061] 

[0062] 

iS#Tft*4<kLTI** v'Jp>y;u* 7<7 l ))\,7 

£bic* 7^£#u v-tur* 7K'j(e-Ux> 

^u^p^ K)* TK'JCt'-'Jx^yuTl-p^-f K 
:?;u*p^K-co-xh7:7;u*Px^u>)* tK'J 



be substituted with M, at same time portion of O to be 
substituted with F } because these amount of substitution 
aremade optimum range, portion of Mn is substituted with 
M,but portion of O being F, by comparison with the 
unsubstituted conventional lithium manganese composite 
oxide, Because electrical neutral of compound entirety is 
maintained, ratio of Mn 3+ quantity for amount of manganese 
entirety has increased, stability has possessed the spinel type 
structure as crystal structure. 

In addition, in after synthesizing Lii +x Mn2. x . y M y 04. 2 F 2 
because of undissolved solid the LiF which has remained to in 
anode material has controled thedeterioration of positive 
electrode active material which accompanies 
charge-discharge reaction. 

[0059] 

Therefore, nonaqueous electrolyte battery 1 which has 
positive electrode which contains this anode material hashigh 
charge-discharge capacity, being used under environment of 
room temperature or higher, possesses thesatisfactory battery 
property. 

[0060] 

Furthermore, shape of nonaqueous electrolyte secondary 
battery 1 especially is not limited, the cylinder and angular 
type* coin type* button type or other which being possible, 
in addition, is possible, as size of option such as miniature* 
large type is possible as thin form. 

[0061] 

In addition, with description above, you explained concerning 
the nonaqueous electrolyte secondary battery 1 which uses 
so-called nonaqueous electrolyte of liquid state as nonaqueous 
electrolyte,, but this invention is not something which is 
limited in this, solid electrolyte (complete solid electrolyte 
which does not include solvent completely is included. ) and, 
also itis possible as nonaqueous electrolyte, to use gel 
electrolyte which keeps solution whichmelts electrolyte salt in 
nonaqueous solvent in polymer matrix. 

[0062] 

You can use silicon gel* acrylic gel* acrylonitrile gel* 
polyphosphazene modified polymer* polyethylene oxide* 
polypropylene oxide* and these composite polymer and 
cross linked polymer* modified polymer etc as these solid 
electrolyte and polymeric material which forms gel 
electrolyte. 

Furthermore, poly (vinylidene fluoro Lai K), poly (vinylidene 
fluoro Lai l#do-xco-hexafluoropropylene), poly (vinylidene 
fluoro Lai l#do-xco-tetrafluoroethylene), poly (vinylidene 
fluoro Lai l#do-xco-trifluoroethylene)and you can use these 
mixture as fluoropolymer. 
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[0065] 

His 1 -CI*. Mn CD-g|J*< Cr 1f««**lTl^ 
[0066] 

1 

*»U* ^A(Li 2 C0 3 )t»5l5, 
(MnC0 3 )ft;fc. ifcnb$ElA(Cr 2 0,)t&*;fttf7<y 
l"t'J*t>A(LiF)f&*** tfXDSRtf *Jfll*TjB 

Li( S 8 'J f ^ A iE 

;1 )/Mn/Cr/LiF=0.960/l .840/0. 1 50/0.050 & & fl 
OUT*. WEOffift^lcfen 

T***F$fflLvtfl!j*S£ 850 deg C T*^J?E 
U LiF jStajtLTt^'J^^ A-7>*>«^» 



[0067] 

l=J=y*«rLfctC%, ISDD *— 35-782 |C 
ffift£*lTl^LiMn 2 0 4 . *5«fctf 4-857 IzKlte 
*iTl*4 LiF i:l5lS-aLfco 

[0068] 
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mixture as fluoropolymer. 
[0063] 

Furthermore, when solid electrolyte or gel electrolyte is used 
as nonaqueous electrolyte, the separator always also not 
providing, it is good, these solid electrolyte or gel electrolyte 
become substituting separator. 

[0064] 

[Working Example(s)] 

You explain in detail below, concerning this invention, on 
basis of the exemplary experimental result. 

Furthermore, if it does not exceed gist of invention, this 
invention is not something which is limited in Working 
Example. 

[0065] 

With <Experiment l>Experiment 1, plural it manufactured 
anode material which contains the lithium manganese 
composite oxide where portion of Mn is substituted with 
Cr,producing nonaqueous electrolyte secondary battery which 
uses these anode material, it appraised battery property. 

[0066] 

sample 1 

{Production of positive electrode } First, as raw material of 
anode material, lithium carbonate (Li 2 C0 3 ) powder, 
manganese carbonate (Mn C0 3 )powder, chromium oxide 
(Cr 2 0 3 ) powder and lithium fluoride (LiF ) powder, mixing 
making useof agate mortar, it made mixed powder. 

Furthermore, proportion of these raw material is made ratio 
which becomes Li (lithium carbonate origin ) 
/Mn/Cr/LiF=0.960/l. 840/0.1 50/0.050 at element ratio ratio. 

Next, this mixed powder, in in air of ambient pressure it 
calcined with the sintering temperature 850 deg C making use 
of electric furnace, LiF acquired calcined product 
whichcontains lithium manganese composite oxide and LiF 
which solid solution have been done. 

[0067] 

When calcined product which it acquires in this way was 
analyzed with thepowder X-ray diffraction , almost it agreed 
with LiF which is stated in the Li Mn 2 0 4 , and 4 - 857 where 
it is stated 35 - in 782 of ISD Dcard. 

[0068] 

anode material which it synthesizes above-mentioned way as 
80 parts by weight and conductor polyvinylidene fluoride 
mixing 5 parts by weight graphite as 15 parts by weight, and 
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S£U£btc N-^;U-2-fc°PUK>£;T§TL-C 

□.tftldDESKS-rSCtT?. *r& 15.5mm T'fc 
[0069] 



[0070] 

c**«»«a>««]Kil^oeb> 50 

ft»$?**JU* 50 #i%t^ISLfc;g§ 
«»HffifcLr LiPF 6 *»« 1.0mol/l 

fee 

[0071] 



[0072] 

4-fe/<b-*«BLfc. 

ftifrL»rnft'r*ctizj:y,na 20mm. 

iS£ 1.6mm a>f>i!0lM<*»*-*m;ft* 
[0073] 

2 

jEa*t»*d*-r«B. stt*4cDis^j±^ , ft 

I tt$t' Li( ft Eft 'J * 0 A jg 
M )/Mn/Cr/LiF=0.9 1 0/ 1 .840/0. 1 50/0. 1 00 U £ fl 

[0074] 

3 



the binder furthermore dripping N- methyl -2- pyrrolidone 
and after kneading, drying this mixture it pulverized, acquired 
positive electrode compound powder. 

And, this positive electrode compound powder with 
aluminum mesh by fact that press molding itdoes, positive 
electrode which is a outer diameter 15.5 mm was acquired. 

[0069] 

Driving out {Production of negative electrode } metallic 
lithium, in positive electrode, and abbreviation isomorphismit 
made negative electrode. 

[0070] 

nonaqueous electrolyte was manufactured {Manufacturing 
nonaqueous electrolyte } propylene carbonate 50 capacity% 
and dimethyl carbonate in mixed solvent which mixes 50 
capacity% , Li PF 6 as concentration 1 .0 mol/l by melting as 
electrolyte salt. 

[007 1] 

As shown nonaqueous electrolyte secondary battery of coin 
type below making use of positive electrode* negative 
electrode and the nonaqueous electrolyte which it produces 
above-mentioned way, it produced. 

[0072] 

First, negative electrode was accommodated in negative 
electrode can which consists of the stainless steel, after filling 
nonaqueous electrolyte to negative electrode can, on negative 
electrode, separator which is a thickness 50 ;mu m with 
microporous Poly pro ream make was allotted. 

Next, allotting positive electrode on separator, after filling 
nonaqueous electrolyte, the positive electrode can which it 
has 3 -layer structure where it consists of aluminum s 
stainless steel and the nickel, through sealing gasket of 
polypropylene, negative electrode can caulking, it acquired 
nonaqueous electrolyte secondary battery of outer diameter 20 
mm, height 1.6 mm coin type by locking. 

[0073] 

sample 2 

When synthesizing anode material, proportion of raw 
material, other than thething which is made ratio which 
becomes Li (lithium carbonate origin ) 
/Mn/Cr/LiF=0.9lO/l.840/0.l 50/0. 1 00 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
produced with as similar to the sample l. 

[0074] 

sample 3 
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[0077] 
+r>3^U 6 

^A(Li 2 C0 3 )f»*. J^K^>^>(MnC0 3 )t» 
*fcJ:i;^^^PA(Cr 2 0 3 )|»^^ffllN s Ctlb 
SW40)E^J±^ , TC^lt^-e Li(j£ig'J^O 
A^3S)/Mn/Cr-0.960/1.840/0.150 ^^flj«&<tL 

■c^Lfc(D*)ic,LiF ^;uj±$-e o.05 fin* 



[0078] 
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m it $ X Li( g i 'J f ^ A g 
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When synthesizing anode material, proportion of raw 
material, other than thething which is made ratio which 
becomes Li (lithium carbonate origin ) 
/Mn/Cr/LiF=0.885/l. 840/0.1 50/0.1 25 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
produced with as similar to the sample 1 . 

[0075] 

sample 4 

When synthesizing anode material, proportion of raw 
material, other than thething which is made ratio which 
becomes Li (lithium carbonate origin ) 
/Mn/Cr/LiF=0.840/l. 785/0.075/0.300 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
produced with as similar to the sample 1 . 

[0076] 

sample 5 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder and chromium oxide (Cr 2 0 3 ) 
powder, proportion ofthese raw material, other than thing 
which is made ratio whichbecomes Li (lithium carbonate 
origin ) /Mn/Cr= 1.0 10/ 1.840/0.1 50 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type 
wasproduced with as similar to sample 1. 

[0077] 

sample 6 

When synthesizing anode material, after calcining, as ratio 
whichbecomes Li (lithium carbonate origin ) 
/Mn/Cr=0.960/1 .840/0.1 50 at element ratio ratio as raw 
material, making use of lithium carbonate (Li 2 C0 3 ) powder, 
manganese carbonate (Mn C0 3 ) powder and chromium oxide 
(Cr 2 0 3 ) powder, the proportion of these raw material, LiF 
0.05 is added other than thingwhich nonaqueous electrolyte 
secondary battery of coin type was produced with mole ratio 
with assimilar to sample 1. 

[0078] 

sample 7 

When synthesizing anode material, proportion of raw 
material, other than thething which is made ratio which 
becomes Li (lithium carbonate origin ) 
/Mn/Cr/LiF=0.860/l. 840/0.1 50/0.1 50 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
produced with as similar to the sample 1 . 

[0079] 

sample 8 



Page 20 Paterra Instant MT Machine Translation 



JP2002184404A 



2002-6-28 



m it m x Li( k i 'j f ^ a 6 

ffi )/Mn/Cr/LiF=0.790/l .785/0.075/0.350 £ 3 $i| 



[0080] 

mf&t 800 deg C tt&ZtVift 



[0081] 

uf tfmfeLxi^j^j+^ji^&smt 
^©s^-ftft™© x m®m iz*&tf-*m 
ft&mtsiiF t<m^Lxi^j^o^yis> 
m^mt^ommw 1 a^L-osi^ uf © 
55-»*(i 1 1)© x e@ff ic*ae-*8t#a 

[0082] 

COX«I3STlcl* % aSi6Hi:Lrx«@STS 
S(RINT2000 Mg*S)£ffll\lll»rft 2 0 <t 
LT0° frb90° ©«iH£Sfj> 0.02° fOXf 

^x+^-r^ctiCcfcy, ni*m© x ^0 

©t«*^*n*-*-«ejHLfc. 
[0083] 

-tLTs LiF A^@5§LTt^4U5 lr !7A■7^>^S 
£ig<bfe©£7-ftft(220)©t°-^fg#&]f 
* a fcU LiF ©55-ft*(l 1 l)©lf-$»#a 
K£ b b/a LiF ©55— ft 

ft (111) ©t°->?ia#5£jt<t-flSa 
Li i +x Mn 2 . x . y M y 0 4 . 2 F 2 X it £ty CD $=5 — 

ft*(220)©e-^«»a*t©it*#«)fc. 



[0084] 

©IStt¥4©lB£J±. IE«*m£6fiW*B© 

^istfccfci; LiF (Dmw^^vttt 



When synthesizing anode material, proportion of raw 
material, other than thething which is made ratio which 
becomes Li (lithium carbonate origin ) 
/Mn/Cr/LiF=0.790/l. 785/0.075/0.350 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
produced with as similar to the sample 1. 

[0080] 

sample 9 

When synthesizing anode material, other than thing which 
designates the sintering temperature which calcines mixed 
powder of raw material as 800 deg C nonaqueous electrolyte 
secondary battery of coin type was produced with as similar 
to sample 2. 

[0081] 

Here, X-ray diffraction was done vis-a-vis anode material of 
sample 1 -sample 9 which itmanufactures above-mentioned 
way, peak integrated amplitude was measured with the X-ray 
diffraction of mirror exponential (111) of LiF which it uses 
LiF peak integrated amplitude and LiF as 1 kind of raw 
material of lithium manganese composite oxide which the 
solid solution has been done with X-ray diffraction of mirror 
exponential (220) of the lithium manganese composite oxide 
which solid solution has been done. 

[0082] 

To this X-ray diffraction , as measuring apparatus X-ray 
diffraction pattern of anode material was measured 
everyrange of 90 deg at a time second 0.02 deg by step scan 
doing from 0 degmaking use of X-ray diffractometer 
(RINT2000 type:Rigaku make), as diffraction angle 2;th. 

Furthermore, case of measurement target used electric bulb 
and the monochrometer of copper (CuK;al line ). 

[0083] 

When and, LiF designates peak integrated amplitude of mirror 
exponential (220)of lithium manganese composite oxide 
which solid solution has been done as a, designating peak 
integrated amplitude of mirror exponential (111) of LiF as b, 
ratiowith peak integrated amplitude of mirror exponential 
(111) of LiF which isdisplayed with b/a and peak integrated 
amplitude of mirror exponential (220) of compound which is 
displayed with General Formula Lii +x Mn 2 - x . y M y 0 4 _ z F z was 
sought. 

[0084] 

When measurement result above and proportion % anode 
material of raw material of anode material which isshown at 
element ratio ratio synthesizing, timing of addition of 
sintering temperature and LiF is shown together in Table 1. 
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[0085] 
[3U] 



[0085] 
[Table 1] 





□ UMM 


Mn 


M 


UF 


UFO) 




b/a 














CC) 






0.96O 


1.840 


0.150 


0.030 


mm 


850 


05 




0.910 


1.840 


0.150 


0.100 


mm 


850 


12 




0.885 


1.840 


0.150 


0.125 


mm 


850 


3.0 




0.840 


1.785 


0.075 


0.300 


mm 


850 


1.3 




1.010 


1.840 


0.150 


0 




850 


0 




0.960 


1.840 


0.150 


0.050 




850 


1.1 


*>7/l>7 


0.860 


1840 


0.150 


0.150 


mn 


650 


5.3 




0.79O 


1.785 


0.075 


0.350 


mm 


850 


4.1 




0.910 


1.840 


0.150 


0.100 




800 


2.8 



[0086] 
[0087] 

C*tt«RBN23 deg C ©SSWftTlCfcl* 
T\ *t\ SStffiJt 0.27mA/cm 2 <tLTll±«E 
4.2V *Tf*«U 5l#tt#3ISm*Tf 4.2V 36 

[0088] 

60 deg C fcl*3*a«±©M*«rFt 
fTl\ 60 deg C a»TlCfcltS*Olal*«Sa* 



oi^ % cfl>3e«siE^«EA»** i im*;u 

JUffclc£lf«ttm£aaLfc. 

*LT, 60 deg C «*TlCj3lf*t0lHlflc«M 

* 60 deg c m&Tizt$ii& io 



f-LT. 60 deg C a^Tfcfclt^^i 
fMifrfc* aSI»±©a«Tlcfclt£a;ftft 
ttfcffaufc. 

[0089] 

u±aaaita£a 2 iz^to 

fct>T, *D@J&m§ftA< HOmA/h JSLttf&y. 



[0086] 

Next, charge-discharge test which is shown below vis-a-vis 
nonaqueous electrolyte secondary battery of sample 1 -sample 
9,was done, battery property was appraised. 

[0087] 

It charged to end voltage 4.2V {charge-discharge test } in 
under temperature environment of 23 deg C, first, as current 
density 0.27 mA/cm 2 , continuously it did constant current 
constant voltage charging which does 4.2 Vconstant voltage 
charging to the fully charging, measured first time charging 
capacity. 

Next, discharging with end voltage as 3.0 V, it measured first 
time discharge capacity. 

[0088] 

Next, above-mentioned constant current constant voltage 
charging and discharge were done in under the temperature 
environment above ambient temperature, 60 deg C, first time 
discharge capacity in under 60 deg C ring boundaries was 
measured. 

Next, charge-discharge 10 cycle was repeated with this 
constant current constant voltage charge-discharge as 1 cycle, 
the discharge capacity in 10 cycle later was measured. 

And, it sought ratio of discharge capacity of 10 cycle later in 
under 60 deg C ring boundaries for first time discharge 
capacity in under 60 deg C ring boundaries it made capacity 
retention in this ratio under 60 deg C ring boundaries. 

And, from result of capacity retention in under 60 deg C ring 
boundaries, battery property in under environment of room 
temperature or higher was appraised. 

[0089] 

measurement result above is shown in Table 2. 

Furthermore, first time discharge capacity 1 10 mA fh or more 
in nonaqueous electrolyte secondary battery of these coin 
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so 60 deg c mmTizm^manm^ 

[0090] 



m 2] 









60tJI»T 






SI 






(mAh/a) 


(mAh/g) 


«#*(%) 




124 


116 


97 | 




121 


113 


88 




119 


111 


80 




121 


113 


87 




121 


114 


68 




126 


118 


60 




113 


106 


62 




110 


103 


48 




128 


120 


58 



type,as practical battery you appraised those where capacity 
retention at same time inunder 60 deg C ring boundaries is 
70% or more. 

[0090] 

[Table 2] 



[0091] 

£ 2 M , +h>?;u \^>zf)i 4 ©IMtBffift 
-*msfc-eii. a@tt*e«rt< nomA/h £j® 

deg C«l*Tlctelt*S*ltl#* 

A< 70%m±r*fc*c<tA<^^* o 

[0092] 

ZZX\ V-yJjl 3 © IttttSfc J:i;-9->^;U 5 
to 

[0093] 

*r>*^iMb*©57-ft»(220)fl>e-^t, 

38.7±1° IcStlS LiF ©55— tt»(l 11)© tf 

c©x^h;u^bt . 3 ©M*t*Mc 

l±, LiF A<H»LrL^U^^A-7>**>«^» 
ft*fc,*J*«K««LTl^* LiF t*<^^$ 

[0094] 

-ftlcflu U-^u 5 ©IE*I«*4© x fflaffi 

©e-^i*«B-c*SA<.LiF ©57-*i§s 

(iii)©e-^l**L^ci:A<^fto 
[0095] 



[0091] 

Table 2 compared to, with nonaqueous electrolyte secondary 
battery of sample 1 -sample 4, first time discharge capacity 
exceeds 1 10 mA /h, capacity retention in under 60 deg C ring 
boundaries is 70% or more 5 understands . 

[0092] 

Here, anode material of sample 3 and, X-ray diffraction 
spectrum of anode material of sample 5 are shown in Figure 
2. 

[0093] 

30.6 +/- peak of mirror exponential (220) of spinel type 
lithium manganese composite oxide which isexpressed to 1 
deg and, 38.7 +/- peak of mirror exponential (1 1 l)of LiF 
which is expressed to 1 deg has been expressed to the X-ray 
diffraction spectrum of anode material of sample 3. 

lithium manganese composite oxide which LiF solid solution 
has done, to anode material of the sample 3 and after 
calcining LiF which has remained are containedeven from this 
spectrum, understands . 

[0094] 

Vis-a-vis this, 30.6 +/- you can verify peak of mirror 
exponential (220) of spinel type lithium manganese composite 
oxide which is expressed to 1 deg in X-ray diffraction 
spectrum of anode material of sample 5, but there is not a 
peak of mirror exponential (1 1 1) of LiF, understands . 

[0095] 
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B 2 \Z7Ft X U^tfrX^bfrfr^W^frU 
cfc^LiF 4<****LTt^<EL^iEa*t».-r& 
*>% b/a 0 Tfftft]Ea*tft*ffll^fc*^U 
5 (D^*««»-*«*l*.«0[sltt*S*l* 
60 deg C &&TICfclf&§*$f ft 

[0096] 

LfcAbt, Li, +x Mn 2 . x . y Cr y 0 4 . z F z ZOit^ty 
[0097] 

ttzM Mn IS»Sp©'J^^A-7>*> 

H0LfeIEa*tft*fflt^fc-y->^u 6 ©IMc«« 

60 deg c m%.Tizt$nz>®*mftm<mi\ 

Li H¥4*> Mn HftifctlC LiF SS^LfcfclC 
«J*LTf»&*i«.LiF tfBfcLTl^'J^A 

[0098] 

*fc. b/a 3 tffl5tTl^*3Ea*t**t ffll>Tl> 
*lciEa*t»*lc»«r* LiF ©Bflltf* 

1\ 60 deg C 9«Tl3fclf*S*|t »*fc{6l* 
LfcA^T , b/a A< 0 3 J2TF©I6H-C 

[0099] 

JH*»«**6<)B<. &IZ60 dcgC«*Tl3fc 
lt«8«tft*©ftT#*Ll* 0 



8 o>jEa*raic*ii vc, B*m©E£ 

J*£ IHW F ©B&*(z)A< 0.3 £«*Tl* 



As been clear even from X-ray diffraction spectrum which is 
shown in Figure 2, the anode material > namely b/a where 
LiF is not contained 0 as for the nonaqueous electrolyte 
secondary battery of sample 5 which uses anode material 
which is, as for first time discharge capacity although it is 
high, capacity retention in under 60 deg C ring boundaries is 
bad, itis not a practical. 

[0096] 

Therefore, it depends on using anode material which contains 
LiF which is 1 kind of raw material of Lii +x Mn 2 -x-yCr y 04. 2 F 2 
and this compound, nonaqueous electrolyte secondary battery 
has high charge-discharge capacity, is used under 
environment of room temperature or higher and 
possessessatisfactory battery property understands . 

[0097] 

In addition, after calcining raw material of Li starting material 
and Mn starting material or other lithium manganese 
composite oxide, with nonaqueous electrolyte secondary 
battery of sample 6 which uses anode material which adds 
LiF,as for first time discharge capacity although it is high, 
capacity retention in under 60 deg C ring boundaries is bad. 

Therefore, regarding nonaqueous electrolyte secondary 
battery, with Li starting material and Mn starting material 
aftermixing LiF, calcining, it is acquired, being used under the 
environment of room temperature or higher LiF by using 
anode material which contains the lithium manganese 
composite oxide which solid solution has been done, can 
maintain very satisfactory battery property understands . 

[0098] 

In addition, with nonaqueous electrolyte secondary battery of 
sample 7 which uses anode material where b/a exceeds 3, 
after calcining because residual amount of LiF which remains 
in anode material is many, we do not fill up desired first time 
discharge capacity, also capacity retention in under 60 deg C 
ring boundaries is low, understands . 

Therefore, b/a is larger than 0, it possesses desired 
charge-discharge capacity by beinga range of 3 or less, 
nonaqueous electrolyte secondary battery which possesses 
satisfactory battery property it is actualized it understands . 

[0099] 

In addition, as for nonaqueous electrolyte secondary battery 
of sample 8, initial stage charge-discharge capacity is bad, 
decreaseof capacity retention in under especially 60 deg C 
ring boundaries is considerable. 

In anode material of sample 8, when from proportion of raw 
material composition of lithium manganese composite oxide 
is calculated in simple, amount of substitution (z ) of F 
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-So 

LfctfoT. F <7)Bft*(z)A< 0 



[0100] 

@tt«S*l*»l^©©,60 deg C $J£TT* 



Ib^lCfclvrj, LiF *H»*1*, F IZ&t* O 0S 
*t+»lcfezMfc»lztt, LiF aHftjA-efeft 

842 deg C U±£to|M~ft&K*<&«. 

lis ftj&Sftg 800 deg C bLtztzth* LiF ft<M 

i"4jg*tfta>fltjaas* 850 deg c ia±tr* 



[OlOl] 

USS 2 Tfl*. Mn C7>— SP^ Co, Nu Fe, Al £fc 
I* Mg T*^^^^Tt^§U5 1 0A■7>^>«^ 



[0102] 

io 

5^ A(Li 2 C0 3 )t»3fc, flt»"7>*f>(MnC0 3 )» 

A(LiF)f»3fc£ffll\ Ctl&ISWWOE^Jt* • 
7u jR it $ T? Li( SS 8 U f ^ A e 

3g)/Mn/Co/LiF=0.9 10/1 .840/0. 1 50/0. 10 fc£#J£ 



exceeds 0.3. 

This way, in structure of spinel manganese composite oxide F 
exceeding solid solution limit in excess, when solid solution it 
has done, spinel structure is broken crystal structure of strain , 
lithium manganese composite oxide largely, when you use 
under environment of room temperature or higher, the 
charge-discharge capacity decreases. 

Therefore, it depends on using anode material which contains 
lithium manganese composite oxide where amount of 
substitution (z ) of F 0 <zG0.3 is range being used under the 
environment of room temperature or higher, nonaqueous 
electrolyte secondary battery which can maintain satisfactory 
battery property it is actualized it understands . > 

[0100] 

In addition, as for nonaqueous electrolyte secondary battery 
of sample 9, by comparison with the nonaqueous electrolyte 
secondary battery of sample 2, as for first time discharge 
capacity although it is high, capacity retention under 60 deg C 
ring boundaries is bad, it is not a practical. 

solid solution doing LiF in lithium manganese composite 
oxide which is contained in the anode material, in order to 
substitute O with F in fully, it is necessary to heat to 842 deg C 
or greater which are a melting point of LiF. 

But, when manufacturing anode material of sample 9, because 
sintering temperature isdesignated as 800 deg C, it is thought 
that LiF it is notfunctional as flux. 

Therefore, when manufacturing anode material, dense contact 
interface being formedbetween lithium manganese composite 
oxide by designating sintering temperature of raw material 
which contains LiF as 850 deg C or greater, deterioration of 
positive electrode active material it is controled 
youunderstand . 

[0101] 

With <Experiment 2>Experiment 2, portion of Mn plural it 
manufactured anode material which contains lithium 
manganese composite oxide which is substituted with Co* 
Nu Fe^ Al or the Mg, producing nonaqueous electrolyte 
secondary battery which uses these anode material, it 
appraised the battery property. 

[0102] 

sample 10 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder, cobalt oxide (Co 3 0 4 ) powder 
and lithium fluoride (LiF )powder, proportion of these raw 
material, other than thing which is maderatio which becomes 
Li (lithium carbonate origin ) /Mn/Co/LiF=0.9 10/ 1.840/0.1 
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[0103] 

^ A(Li 2 C0 3 )t»3fc, K^T>^>(MnC0 3 )t» 
9^A(LiF)t»*£ffll\ Z*l&IR*m©E£tt 

£ , 7c * it $ r- u( et m u ^ a jg 

US )/Mn/Ni/LiF=0.8 1 0/1 .890/0. 1 00/0.200 & fij 
[0104] 

12 

^ A(Li 2 C0 3 )t»3fc, ft»-7>«>(MnC0 3 )» 

* * 5c * tt * -C Li( ft & 'J ^ A jg 
;1 )/Mn/Fe/LiF=0.9 1 0/1 .840/0. 1 50/0. 1 00 £ <5 K 

[0105] 

13 

^A(Li 2 C0 3 )f»5fc, ftKv>**>(MnC0 3 )^ 

£J*£ . 7G*it*"C Li(&|g'J^O AiE 

S )/Mn/A l/LiF=0.9 1 0/1 .840/0. 1 50/0. 1 00 6 9] 



[0106] 
^>^U 14 

^A(Li 2 C0 3 )f#*. &Kv>;tf>(MnC0 3 )f» 

K<bT^*i/^A(M g o)t»^at;^^<b , j 

7cltt$t Li( 8S S 'J f ^ A 6 

3B)/Mn/Mg/LiF=0.8 lO/l .890/0. 1 00/0.200 



50/0. 1 0 at element ratio ratio nonaqueous electrolyte 
secondary battery of coin type was produced with as similar 
to sample l . 

[0103] 

sample 1 1 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder, nickel hydroxide (Ni (OH ) 
<sub>2 ) powder and lithium fluoride (LiF )powder, 
proportion of these raw material, other than thing which is 
maderatio which becomes Li (lithium carbonate origin ) 
/Mn/Ni/LiF=0.8l0/l. 890/0. 1 00/0.200 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
produced with as similar to sample 1. 

[0104] 

sample 12 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder, oxy iron hydroxide (FeO OH ) 
powder and lithium fluoride powder(LiF ), proportion of these 
raw material, other than thing which is made theratio which 
becomes Li (lithium carbonate origin ) 
/Mn/Fe/LiF=0.910/l. 840/0.1 50/0.1 00 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
produced with as similar to sample 1 . 

[0105] 

sample 13 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder, aluminum hydroxide (A! (OH ) 
<sub>3 ) powder and lithium fluoride (LiF )powder, 
proportion of these raw material, other than thing which is 
maderatio which becomes Li (lithium carbonate origin ) 
/Mn/Al/LiF=0.910/1.840/0.1 50/0.1 00 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
produced with as similar to sample 1. 

[0106] 

sample 14 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder, magnesium oxide (MgO ) 
powder and lithium fluoride (LiF )powder, proportion of these 
raw material, other than thing which is maderatio which 
becomes Li (lithium carbonate origin ) 
/Mn/Mg/LiF=0.8 10/1. 890/0.1 00/0.200 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type was 
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[0107] 

15 

m®#m mtmtLx. r»u 

^^A(Li 2 C0 3 )t»*. &&^>#>(MnC0 3 )t» 

£IStt»a>e£ifc*.5c*tf;*T? Li(j£|£'J^ 
0 Ag;15)/Mn/Co= 1 .0 1 0/1 .840/0. 1 50 & 4 glj £ <h 

[0108] 

16 

*^A(Li 2 C0 3 )tt*. ft»V>#>(MnC0 3 )tt 
U Ajg3S)/Mn/Ni= l .0 1 0/l .890/0. 1 00 &<5£fl 

[0109] 

jE«tt m^ntLx. mm 

^A(Li 2 C0 3 )t»;fc, «»T>^>(MnC03)tt 

*ai;**s/*iMb«(FcooH)tt*tfflL\ d 

[0110] 

18 

mtmtLx* mm 

^A(Li 2 C0 3 )t»*. RK-7>**>(MnC0 3 )t» 
*&lX7XK<b7;i/5-^A(Al(OH) 3 )t»*^ffl 
l\ -*lbJ5W#4<7)lE£it£. 7cHt]±$T-Li(j& 
SU5 lr i7A® / : ll)/Mn/Al=1.010/1.840/0.150 

[Olll] 

19 

^A(Li 2 C0 3 )f»5fc. ffiK"7>#>(MnC0 3 )t» 



produced with as similar to sample 1 . 

[0107] 

sample 15 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder and cobalt oxide (Co 3 0 4 ) 
powder, proportion ofthese raw material, other than thing 
which is made ratio whichbecomes Li (lithium carbonate 
origin ) /Mn/Co 9 1.0 10/1. 840/0.1 50 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type 
wasproduced with as similar to sample 1. 

[0108] 

sample 16 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder and nickel hydroxide (Ni (OH ) 
<sub>2 ) powder, proportion ofthese raw material, other than 
thing which is made ratio whichbecomes Li (lithium 
carbonate origin ) /Mn/Ni= 1.0 10/1 .890/0.1 00 at element ratio 
ratio nonaqueous electrolyte secondary battery of coin type 
wasproduced with as similar to sample 1. 

[0109] 

sample 17 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder and oxy iron hydroxide (FeO 
OH ) powder, proportion ofthese raw material, other than 
thing which is made ratio whichbecomes Li (lithium 
carbonate origin ) /Mn/Fe= 1.0 10/ 1.840/0.1 50 at element ratio 
ratio nonaqueous electrolyte secondary battery of coin type 
wasproduced with as similar to sample 1 . 

[0110] 

sample 18 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
carbonate (Mn C0 3 ) powder and aluminum hydroxide (Al 
(OH ) <sub>3 ) powder, proportion ofthese raw material, 
other than thing which is made ratio whichbecomes Li 
(lithium carbonate origin ) /Mn/Al= 1.0 10/1. 840/0.1 50 at 
element ratio ratio nonaqueous electrolyte secondary battery 
of coin type wasproduced with as similar to sample 1. 

[0111] 

sample 19 

When synthesizing anode material, as raw material, making 
use of lithium carbonate (Li 2 C0 3 )powder, manganese 
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f )/Mn/Mg= 1 .0 1 0/1 .890/0. 1 00 ft #J 

^fc-rftCttt^tt-y-^u 1 <t[H«lcLTn>r 

[0112] 

ZZT% +r>://u l(Kit>^U 19 0>lEa*mic 
b/a £ 3&#)tz 0 

IB*m©E£tt. jE«tt«££j*-rft»fl>« 
Afift&fctf LiF <DSlna>9<f3:/?J:£&2b 

[0113] 
[«3] 



carbonate (Mn C0 3 ) powder and magnesium oxide (MgO ) 
powder, proportion ofthese raw material, other than thing 
which is made ratio whichbecomes Li (lithium carbonate 
origin ) /Mn/Mg= 1.0 10/ 1.890/0.1 00 at element ratio ratio 
nonaqueous electrolyte secondary battery of coin type 
wasproduced with as similar to sample 1. 

[0112] 

Here, X-ray diffraction was done vis-a-vis anode material of 
sample 10-sample 19, to similarto Experiment 1, b/a was 
sought. 

When this measurement result and proportion v anode 
material of raw material of anode material which is shownat 
element ratio ratio synthesizing, timing of addition of 
sintering temperature and LiF is shown together in Table 3. 

[0113] 

[Table 3] 







Mn 


M 


LIF 


LIF© 

JSifl 


TO 


b/a 




0.910 


1.840 


0.150 


0.100 


JMttf 


650 


1A 




0.810 


1.890 


0.100 


0.200 


flt/KKf 


850 


U 




0.910 


1.840 


0.150 


0.100 




850 


1.9 




0.910 


1-840 


0.150 


0.100 




650 


2.0 




0.810 


1.890 


0.100 


0.2O0 


ttiJSI 


650 


1.9 




1.010 


1.840 


0.150 


0 




850 


0 




1.010 


1.890 


0.100 


0 




850 


0 




1.010 


1.840 


0.150 


0 
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[0114] 

*fc. io~-y->?;u 19 ©**i 
**»ic»lt, fin i tPi^icLr^ttmiit 

[0115] 

[0116] 
[$4] 



[0114] 

In addition, charge-discharge test was done vis-a-vis 
nonaqueous electrolyte secondary battery of sample 
10~sample 19, tosimilar to Experiment 1, battery property 
was appraised. 

[0115] 

measurement result above is shown in Table 4. 

[0116] 

[Table 4] 
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[0117] 

a 4 -9->^;u io~-9->^;u 14 aiMcM 

WLXHV . 60 deg C a*TI=fclt*Mltl* 
70%JJl±-efci>Ci:A<t)^i». 

[0118] 

ZftKttLT, LiF ft<S*r**VCl*ftl*jEa*t 
*7&tfc* b/a <>< 0 rfc*IE«*t^fflL>fc 

i5~-*>7;u 19 <7>^*«»j«-^a 

/H2l*s *!J[5]»*#Sl*£l^a>(7X 60 deg C SI 
»Tl::*SI-j-4S*lti**A<JB<. SfflM-eft 
I*. 

[0119] 

LfctfoT. Li l+x Mn 2 . x . y M y 04. 2 F z ({BL. it*, 

o<x^o.i5 r*fcy, o< y ^o.3 -cfcy, 0») 



[0120] 

IElI*ffll*. -Aftie Li 1+x Mn 2 . 1( . y M y 04. z F z ({BL s 
St * , 0<x ^ 0. 1 5 -Q& y . 0<y ^ 0.3 T'fc U . 0») 



[0121] 

±8B Li l+x Mn 2 . x . y M y 04. z F z l*, S&M^tt^ftO 



14- wm — a r * t aj. 



[0117] 

Table 4 compared to, with nonaqueous electrolyte secondary 
battery of sample 10~sample 14, first time discharge capacity 
exceeds 1 10 mA /h, capacity retention in under 60 deg C ring 
boundaries is 70% or more,understands . 

[0118] 

Vis-a-vis this, anode material * namely b/a where LiF is 
notcontained 0 as for nonaqueous electrolyte secondary 
battery of sample 15~sample 19 which uses anode material 
whichis, as for first time discharge capacity although it is 
high, capacity retention in under 60 deg C ring boundaries is 
bad, it is not a practical. 

[0119] 

Therefore, Lii +x Mn 2 -x-yM y 04_ z F z (However, in Formula, with 
0 <xD0.1 5 , with 0 <yD0.3 , with 0 <zD0.3 ,M is metal 
element of inside at least 1 kind of Mg and AU Co* Nu 
Fe* Cr. ) with, it depends on using anode material 
whichcontains LiF which is 1 kind of raw material of this 
compound, the nonaqueous electrolyte secondary battery has 
high charge-discharge capacity, is used under environment of 
room temperature or higher andpossesses satisfactory battery 
property understands . ) >») 

[0120] 

[Effects of the Invention] 

As been clear from explanation above, anode material which 
relates to the this invention contains LiF which is 1 kind of 
raw material of compound and this compound which are 
displayed with General Formula Lii +x Mn 2 .x-yMy0 4 . 2 F z 
(However, in Formula, with 0 <xD0.1 5 , with 0 <yG0.3 , 
with 0 <zO0.3 ,M is metal element of inside at least 1 kind of 
MgandAU Co, Nu Fe, Cr. ).)»>) 

[0121] 

As for above-mentioned Li14-xMn2.x-yMyO4.zFj, as ratio of 
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tzMz Mn W±mz*l?% Mn 3+ *(D£l]£A<i8 
[0122] 

AS a Li 1+x Mn 2 . x _ y M y 0 4 . 2 F 2 ( <I L , xC * . 0<x ^ 
0.15 T'fcy, 0<yS0.3 TOM* 0») 



[0123] 

[01] 

[B2] 

1 

2 



Mn 3+ quantity for amount of manganese entirety because 
electrical neutral is maintained has increased, crystal structure 
hasbeen stabilized. 

In addition, deterioration of positive electrode active material 
where LiF which hasremained in anode material in after 
calcining accompanies charge-discharge reaction iscontroled. 

Therefore, according to this anode material, as it possesses 
high charge-discharge capacity,being used under environment 
of room temperature or higher, nonaqueous electrolyte battery 
where thesatisfactory battery property is maintained is 
actualized. 

[0122] 

In addition, anode material contains LiF which is 1 kind of the 
raw material of compound and this compound which are 
displayed with General Formula Lii+ x Mn 2 . x - y M y 04. 2 F 2 
(However, in Formula, with 0 <xD0.1 5 , with 0 <yH0.3 , 
with 0 <zD0.3 ,M is metal element of inside at least 1 kind of 
MgandAK Qk Nu Fe* Cr. ) in nonaqueous electrolyte 
battery which has negative electrode and nonaqueous 
electrolyte which positive electrode and lithium metal* 
lithium alloy* or lithium which contain anode material 
doped/undoped do nonaqueous electrolyte battery which 
relates to this invention and, contain possible material. ) >») 

[0123] 

Therefore, making use of anode material which description 
above is done nonaqueous electrolyte battery which becomes 
has high charge-discharge capacity, can be used under the 
environment of room temperature or higher and can maintain 
satisfactory battery property. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a sectional view which shows one example of 
nonaqueous electrolyte secondary battery which applies the 
this invention. 

[Figure 2] 

It is a characteristic graph which shows X-ray diffraction 
spectrum of anode material of sample 3 and the sample 5. 

[Explanation of Symbols in Drawings] 

1 

nonaqueous electrolyte secondary battery 
2 

positive electrode 
4 
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Hfii negative electrode 

Drawings 

[01] [Figure 1] 
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